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ence, and is 
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By G. W. Caunt, M.A., and 
Pp. vi+8o. (London : Edward 
od. 

book on “ Easy 


Hall, is the 


intended to 


Price 2S. 
Mr. 


experi- 


: Graphs,” by 
result of 
lead the 
very easy stages and show him all the points that 


ripe 
beginner by 


require special attention in squared paper work and 


the lessons to be learnt therefrom. Great attention 
is paid to the suitable choice of gezles and the proper 
figuring of the diagrams. Linear graphs with in- 
ferences and applications occupy fully half the book, 
the latter half relating to algebraical equations and 
graphs of the second degree with one or two cubics. 
The numerous examples are interesting and sugges- 
We 
agree with the author in deprecating the undue em- 
field in 


tive, and all the answers are given at the end. 


ployment of graphs, especially as the which 
they may be legitimately used is sufficiently extensive. 
The book will be deservedly popular. 

Practical 


Barnes, is a 


The ** Rudiments of Mathematics,’’ by 
Messrs. and 


treatise, intended more particularly for students above 


Consterdine very excellent 


twelve years of age who are preparing for industrial 
The the fol- 
lowed, and the material for exercises is largely drawn 
from the 
jects of a simple kind being provided for this purpose, 


pursuits. heuristic method is in main 


students’ own measurements, suitable ob- 


with appliances for measuring lengths, areas, 


volumes, weights, and times. Thus every rule and 


process is definitely associated with some direct quan- 
titative application, and the subject assumes a real 


and living interest and cannot fail to be assimilated. 
The subject-matter is purposely confined to that which 
is in daily use in industrial occupations, so that there 
is time for this to be dealt with in a very thorough 
manner. In this volume arithmetic, 
geometry that 
separation would appear quite unnatural. 


that of 


and 
attempt at 


algebra, 


are so interwoven any 
Thus when 
in important principle, proportion, is 
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say 


om? 


under review it can be studied and developed with 


the completeness which its importance demands, 


arithmetically, algebraically, and vcometrically. 


also 


ht- 


taught the use of logarithms, and 


sufficient trigonometry to enable 


Students are 
to solve rig 


them 9 
angled triangles; they use compasses and setsquares, 
make dimen- 


draw simple plans and elevations, and 


other 


sioned free-hand sketches in pictorial ot pro- 


introduced to the notion of 
and 


In some places there may be an 


for the 


jection, and they are 


vector by means of displacement velocity dia- 


crams. insuflicient 


numbe r oft examples purposes ot drill, but 


altogether the subject is admirably developed and pt 


sented; the book is well adapted to its 


purpose, and 
its wide adoption would have a very beneficial effect. 

The Practical Mathematies,’’ by 
Messrs. Stern and Topham, is a preliminary volum« 


comprising the first nine chapters of 


** Elementary 


a more complete 
1. It re- 


based 


which the authors are ergagec 


text-book on 


lates to physical measurement with exercises 


length 
with the 


thereon, including the measurements of 


angles, mass, area, volume, specific gravity, 


practical calibration of certain glass vessels Th 


two first chapters deal with contracted arithmetical 
otherwise a 


processes and squared paper work, but 


knowledge of ** theoretical *? mathematics is assumed 


The 


forms of schools, and especially for 


work is intended as a first course for the junior 


boys preparing 
¢ : ane : : 
for army examinations. The apparatus is fairly com- 


pre he nsive, and the well described 
The 


course iti 


experiments are 


book will be very useful to those arranging a 


an important branch of practical mathe- 
matics. 
The ‘* First Messrs. 


Bourne, is adapted from the first part of the authors’ 


Algebra,”’ by Baker and 
larger work, and, proceeding in the customary order 


quadratic equations and 


\rithmetical 


. 1 
mtroaguce d, 


carries the subject up to 


fractional and negative indices. and 


graphical illustrations are freely and a 
special feature of the work is its very easy gradua- 
oral, 


tion and the large number of examples, som 
provided at every stage, so that students using the 
book properly cannot fail to obtain a full knowledg: 
of the subject. The answers are completely given, and 
themselves extend to thirty-five pages. The book 
an admirable first course in algebra 

Shorto’s 
the 


proots belonging 


gives 
Mr. 


lection of 


col- 


and 


** Algebraical Grounding ’”’ is a 


definitions, axioms, laws, rules, 


to the subject, without 


examples, 


and arranged in logical sequence. It is intended 


as a summary of the oral teaching usually imparted, 
well be collee- 
examples. It pro- 


and could used in conjunction with a 


tion of includes logarithms, th 
eressions, and the binomial theorem. 
The collection of 


\lgebra,’’ by 


the last twenty vears, during which time the author 


eight thousand ‘f Examples in 


Mr. Clay, has been accumulating for 
has been engaged in teaching the subject in America 
that 
ordinary text-books are deficient in both quantity and 
The te 


and has found the examples provided in_ the 


variety, and not regularly graded. icher will 
here find examples in superabundance, increasing in 
difficulty by almost insensible steps from the simpler 


S 
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exercises in the use of symbols to the difficult problems 
in surds, theory of exponents, quadratics, and in arith- 
metical and geometrical progressions. The 
been influenced by the 
this but 
teachers will receive valuable hints and much useful 
matter by this and 


work 
having 
going on in 


shows no trace of 


reform movement country, 


consulting thorough extensive 
compilation. 

The ‘* Geometrical Conics ’? by Messrs. Caunt and 
Jessop is a preliminary deductive course for students 
about 


to enter on a systematic study of analytical 


geometry. Only the leading properties of conics are 
dealt with, and these are established when possible 
from corresponding properties of the circle by the aid 
The 


of the modern methods of projection. book is 


well suited to its purpose. 


PANAMA CANAL. 

Problems of the Panama Canal. By Brig.-General 
Henry L. Abbot, U.S. Army. Pp. xi+248. (New 
York: The Macmillan Company; London: Mac- 
millan and Co., Ltd., 1905.) Price 6s. 6d. net. 


"T’HE author of this book acquired distinction in 


hydraulics in early life by the publication, in 
conjunction with Captain Humphreys, of their well- 


oe 


known ** Report on the Physics and Hydraulics of the 


Mississippi River’? in 1861; and, accordingly, this 
statement of the problems of the Panama Canal, in 
which hydraulics are so largely involved, by such a 
high authority, who, as a member of the technical 
committee of the New Panama Company, devoted 
seven years to their study, deserves the most careful 
consideration of the American nation, for whose guid- 
ance this volume has been published. It appears at a 
very opportune time, when the United States Govern- 
ment has undertaken the completion of the works, but 
has entrusted to a commission of engineers the con- 
sideration of the precise designs for the canal. 

The chapters on the ‘‘ New Panama Company,” 
“The Rival 


of Panama and Nicaragua, the ‘* Physical 


with which the author was connected, 
Routes *’ 
Conditions of the Isthmus,’’ ‘*‘ The Chagres River,”’ 
with its torrential floods and difficulty of control, and 
the ** Disposal of Rainfall,’’ all present features of 
interest, and the last three are essential in a study 
of the works to be carried out; but undoubtedly the 
most interesting portion of the book for the British 
contained in the 
final chapter on ‘* Projects for the Canal.’’ It will be 
that M. de Lesseps started the 
scheme about twenty-five years ago he proposed the 
construction of a tide-level canal; and the works were 


public and engineers generally is 


remembered when 


commenced on this basis with very inadequate in- 
vestigations of the nature of the strata to be traversed 
by the cuttings, especially through the Culebra ridge, 
and the physical conditions of the locality. When ex- 
perience had proved the unexpected magnitude of the 
undertaking, and the unforeseen difficulties to be over- 
come, the original company, approaching the end of 
its resources, decided in 1887 to introduce locks, 
thereby greatly reducing the amount of excavation, 
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and also the time required for the completion of t! 
canal. Eventually, after the failure of the fir 
company, a New Panama Company was formed 
1894 (given by a misprint as 1904 in the introduction 
and the works for a canal with locks were slowly pr: - 
ceeded with as funds permitted, until at length, la 
year, the United States Government purchased t| 
undertaking with the view of carrying it out as 
national work. 
the Panama 
sea-level canal again, with a bottom-width of 150 fi 


Early this year an engineering cor 
mittee of Commission recommended 
and a minimum depth of 35 feet, and the necessi 
duplicate tidal locks near the Panama end, capable 
accommodating vessels up to 1000 feet in length and 
in width. 

The principal objections to the formation of a canal 
across the isthmus at sea-level throughout, are thx 
difficulties, and involved in making 
cutting, reaching a depth of 317 feet, in unfavour- 
exposed to tropical rains, and the efficient 


100 feet 


time, cost 
able strata 
control of the River Chagres, which crosses the line of 
the canal on the Atlantic slope in several places, and 
the floods of which will become a more serious peril to 
the maintenance of the canal in proportion as 
water-level of the canal is lowered. The objection of 
cost, and, to some extent, that of time, are of con- 
siderably less importance in a national than in 
private undertaking; but the floods of the Chagres 
appear liable to prove a standing menace to the safety 
of a The Isthmian Canal Commis- 
sion of 1899-1901 expressed its disapproval of a sea- 


tide-level canal. 


level project in the following words :— 


** The cost of such a canal, including a dam at Alha- 
juela, and a tide lock at Miraflores near the Pacitic 
end, is estimated at not less than 240,000,000 dollars 
Its construction would probably take at least twenty 
years. This Commission concurs with the various 
French Commissions which have preceded it, sinc 
the failure of the Old Company, in rejecting the sea- 
level plan. While such a plan would be physically 
practicable, and might be adopted if no other solution 
were available, the difficulties of all kinds, and especi- 
ally those of time and cost, would be so great 1! 
a canal with a summit level reached by locks is to 
preferred.”’ 


The author regards these remaining difficulties 
very important; and, after discussing them, and | 
ticularly the problems concerning the control of 
follow 


Chagres, he concludes his book with the 
expression of his opinions : 


‘*Tt is the unanimous opinion of all the engineer 
who have had practical experience in canal work, 
time to thoroughly study the problem, that no 
level projet without locks, and no sea-level c: 
even with a tidal lock, is practicable that would 
comparable in ease and safety of transit to 
equipped with modern locks, and planned to tak 
vantage of all the desirable elements which the nati 
conditions offer. Why, then, waste an extra ten 
a dozen years, and untold millions of dollars, 
execute a scheme which the investigations of thi: 
five years have demonstrated to possess only a si 
mental merit due to the imagination of M. de Less 
Congress and the American people are impatient 
the opening of the best possible canal.”’ 
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OUR BOOK SHELF. 

The American Thoroughbred. By C. E. Trevathan. 
(American Sportsman’s Library.) Pp. ix+495; 
illustrated. (New York: The Macmillan Company ; 
London: Macmillan and Co., Ltd., 1905.) Price 
8s. 6d. net. 


fRoM the point of view of the naturalist, the interest 
this volume (which is no doubt an admirable guide 
to everything connected with racing on the other 
side of the Atlantic) is concentrated on the author’s 
remarks with regard to the origin and development 
of the American thoroughbred. As a matter of fact, 
racehorse in America has been produced mainly 
from an English ancestry, and is thus essentially of 
e English type; and the one matter for regret in 
his treatment of the subject is that the author does 
not appear to point out any features by which the 
\merican breed may be distinguished from its Euro- 
pean prototype, as it is difficult to believe that minor 
differences between the two do not exist. The first 
thoroughbred imported into America seems to have 
been Bulle Rock, a horse foaled in England in 1718 
id landed in Virginia in 1730. He was a scion of 
the Darley Arabian, and had also the blood of the 
Byerly Turk on the maternal side. The product of 
native-bred mares (that is to say, mainly the de- 
scendants of horses imported by the Spanish con- 
which were themselves largely of Barb 
blood) by Bulle Rock formed the first foundation of 
the modern American racing stock. Diomed was 
inother famous English — stallion imported into 
Virginia in the old days; but long after the definite 
establishment of an American thoroughbred stock, 
considerable improvement was effected therein by the 
importation in 1836 of Glencoe, at that time a re- 
nowned English horse. Glencoe was by Sultan, and 
while in England sired Pocahontas, the dam of Stock- 
well, Rataplan, and King Tom, the three greatest 
sires the English turf has ever seen, and to one of 
which almost every living English racehorse can 
trace descent. With such a the future of the 
\merican thoroughbred was assured. In conclusion, 
we may congratulate the author on having added a 
valuable volume to a valuable library, as well as on 
having made an important contribution to our know- 
ledge of the ancestry of the American racehorse. 


R. L. 


querors, 


sire 


Story of 
Pp. 212. 


Price 1s. 


Reptile 
(London : 


Life. By W. P. Pycraft. 
Newnes, Ltd., 


George 1905.) 


luis is a valuable addition to the ‘‘ Newnes’ Library 
of Useful Stories.’”’ Mr. Pycraft not only writes in a 
readable and entertaining style, but also has the happy 
faculty of selecting precisely those facts which enable 
im to expound general principles. The ‘‘ Story of 
tile Life’ is not an elementary book of natural 
history in the ordinary but the outline of a 
really scientific treatise which is not too technical to 
be understood by a beginner. After some introductory 
remarks explaining that he has to deal with a race 
“whose glory has departed,’’ the author proceeds to 
ibe each of the groups of surviving reptiles, with 
reference to their immediate ancestors as re- 
d by fossils. In each chapter he treats first of 
most salient points in anatomy, and then proceeds 
lect a few of the more important living species 
letailed notice. The account of the existing 
les is followed by two chapters on domestic life 
eptilian liveries. The book then concludes with 
ers on the extinct flying reptiles, land reptiles, 
reptiles. We have detected no 
s, though it is difficult to accept all the author’s 
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forms, 
The 


speculations concerning some of the extinct 
and there are more misprints than ought to be. 
book also lacks adequate illustrations. It is, how- 
ever, a worthy sequel to Mr. Pycraft’s earlier 
of birds and fishes, and we hope he may 
soon complete the series by a final volume on the 
mammals. 


** stories 


Digest of the Evidence given before the Royal Com- 
mission on Coal Supplies 1905). Vol. i. 
Pp. Ixiv+474. (London: The Colliery Guardian 
Co., Ltd.) Price 215s. 


Tue Colliery Guardian has done useful work in pre- 
paring this digest of the evidence given before th 
Royal Commission on Coal Supplies. The 
questions and answers contained in the official 
minutes of evidence do not constitute an attractive 
form of technical literature; but with the matter re- 
arranged and classified under separate heads, and the 
interrogative converted into the narrative form, it is 
surprising to find what an enormous amount of valu- 
able information has been got together. With the 
exception of a brief historical introduction, no com- 
ment is made on the evidence, and such additions as 
the witnesses have found desirable when revising their 
evidence have been printed as footnotes. The work 
will be completed in three volumes, the subjects dealt 
with in the first being the working of thin seams, 
the limit of depth in mining, waste in working and 
coal-cutting machinery. There is a good index and 
a useful bibliography of the subjects discussed. 
Printed in large type, with the illustrations admirably 
reproduced, the work forms a valuable companion to 
the official Blue-books, and, indeed, from the point 
of view of the mining student, may replace them 
altogether. 


(1Q0I 
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Wasps, Social and Solitary. By George W. Peckham 
and Elizabeth G. Peckham. With an introduction 
by John Burroughs. Pp. xv+311;_ illustrated. 
(London: Constable and Co., Ltd., Price 
Os. net. 


1905.) 


Tuts book is founded on a series of papers published 
some years ago by the Wisconsin Biological Survey 
under the title of ** Instincts and Habits of the Soli- 
tary Wasps,’’? with much new matter added. It is a 
record of very patient field observations on the lines 
with which Fabre’s well-known ‘ Souvenirs Ento- 
mologiques’’ (constantly referred to, and compared by 
our present authors with their own) have made us 
familiar. 

The wasps discussed are chiefly those which provi- 
sion their nests with caterpillars and other insects, or 
with spiders; and the genera noticed are Vespa, 
Ammophila, Sphex, Rhopalum, Odynerus, Aporus, 
Crabro, Bembex, Cerceris, Philanthus, Trypoxylon, 
Pompilus, Tachytes, Chlorion, Pelopoeus, Astata, 
Oxybelus, &c., all of which (Sphex, Bembex, and 
Chlorion excepted) include British species. Many 
persons are interested in the habits of insects who 
have not time or opportunity to them for 
themselves, and to all such we heartily commend this 
important work on the manners and customs of North 


American wasps. W. F. K. 


X-Rays: their 
Disease S. By 
(London : 
net. 


obs« rve 


and other 
Viii+ 126. 


od. 


Cancer 
Cowen. Pp. 
Glaisher, 1904.) Price 2s. 


Employment in 
Richard J. 
Henry J. 


Tue author of this work states in his preface that he 
has made no effort to summarise all the valuable work 
which has been done in radiotherapy, and he has only 
tried to select such part as seems to him to be most 
likely to assist those practitioners in the therapeutic 
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properties of X-rays, the choice of apparatus, and the ducing radiation by artificial means, but the results hay 
technique. not yet proved themselves to be successful, at any ra 
In the first twenty-four pages the apparatus is | '"8™ an economic point of view. ; : 
considered, and the remainder of the work, with the _ The destruction of blossoms, however, is caused son 
exception of two short chapters, is devoted to brief times by a low atmospheric | SempereEaee produced 
: * . : er ; - means other than surface radiation. This was the c: 
consideration of a number of skin affections, including | in the present year, when the destructive cooling ag 
malignant disease. lhe book will certainly be of | was a cold wind. A warm, low situation, with plenty 
service to those for whom it is intended, and many | shelter, will afford some safeguard against damage fi 
practitioners who desire to become acquainted with | such a source; and these, unfortunately, are just the 
this new branch of electrotherapeutics will find it a | ditions which will increase the danger from radiat 
useful introduction. The work is well written and | frosts. 
unpretentious, and Dr. Cowen has succeeded in the There is no doubt, however, that the damage ¢ 
aim laid down in his preface. a low temperature is not always done in a direct mann 
: \ continued spell of cold weather at the blossoming seas 
Neue Abhandlungen iiber den menschlichen Verstand. s inimical to the activity of the various insects on wh 
By G. W. v. Leibniz. Translated, with intreduc- | pollination mainly depends, and we are not yet in a posit 
tion, by C. Schaarschmidt. Second edition. Pp. | to say that a sluggish action of the roots and leaves 
Ixviii4 590. (Leipzig: Diirr’sche Buchhandlung, | not itself be directiy detrimental to the process of 
1904.) Price 6 marks. isation. [the number of apple S and, still more, of pe 
Immanuel Kant’s Logik. By G. B. Jiische. Third | Which have been ge ee | fertilised, and nave, therei 
edition. New edition by Dr. W. Kinkel. Pp. | “opped prematurely, have been very noticeable this year 
88 eo eg i > What part nature of the soil plays in modify 
XXVHI+ 171. (Leipzig: Diirr’sche Buchhandlung, a ae a ca eM i li ccs Se cae ell | Ei cme 
1904.) Price 2 marks. 5 to foretell or to determine We can never havi 
Lazarus der Begriinder der Vélkerpsychologie. By plantations in different soils while being in exactly s 
Dr. Alfred Leicht. Pp. 111. (Leipzig: Diirr’sche | positions; and the question whether ‘a blossom’ w 
Buchhandlung, 1904.) Price 1.40 marks. | reduced to a lower temperature by radiation in th 
Tne first two of the above-mentioned works appear as | @f overlying a clay soil than it would be in the dry« 
parts of the excellent ‘‘ Philosophische Bibliothek.”’ overlying a gravel soil, or whether, if vetoed . 
The translation ol the Leibniz into the philosopher's SRENE. SORECrATS Fe both oe. S would suffer ee 
native tongue appears to be all that could be desired, 
and the introduction gives an analysis of the work. 
We gather that some 460 explanatory notes are to be 


the one than in the other, is a question on whi 
cannot dogmatise. We must not be misled by the fe 
of cold experienced in ich cases by the humar 
bs ject; indeed, watering the trees and ground is one 
found in the succeeding volume of the series. This | methods suggested for obviating the effects of rad 
edition of KRant’s Logik ’’ is intended to supersede frosts. Differences of soil, also, will act indirectly is 
the uncritical one of Von Kirchmann, who relied only | matter by affecting the root-action and the forwa 
on the second Hartenstein edition of 1868. The present f the blossoms. 

On one point, however, | think there can 


editor has gone back to the original text of Jiische, : 4 a 
> : doubt, namely, that the best safeguard against injur 


: : 2 frost, where o is inevitable, is a healthy conditio1 
the first Hartenstein and the Rosenkranz, both of | 4 ; ; 


cd “ “ . he tree itself, is been a matter of continued 
1838. rhe spelling is completely modernised. Prof. | ation that. wit! lilar situated plantations, at 
Moritz Lazarus was, with Steinthal, the founder of | similar trees in the sam plantation, those which ar 
the Zeitschrift fiir Vélkerpsychologie und Sprachwis- | he: will 


and has also compared the other important editions, 


always suffer least from frost. 
senschaft in 1859, and his works not only contain | specially noticeable that with trees which are 
much sound psychology, but are also permeated by a | even when they carry (as will often happen) 

fine ethical spirit. His long life and labours are het abundance of blossom, i iry from frost is verv s 


described by a singularly appreciative disciple. 


although the abundance of bl m should be fav 


to some of these being preserv from destruction. 


It is in this direction—the general health of the 


LETTERS TO THE EDITOR. | and the raising of healthier and hardier varieties 


. : success in dimir ing loss by frosts w 
|The Editor does not hold himself responsible for opinions 


expressed by his correspondents. Neither can he undertake 
to return, or to. correspond with the writers of, rejected 
manuscripts intended for this or any other part of NATURE 
No notice is taken of anonymous communications. ] 


be achieved. It is hardly probable, I think 
will be effec at any rate in the case of 
raising varieties blossoming late enough to es¢ 
These frosts, as we all know, often occur very 
vear, and though every day | which the 1 
British Fruit Growing. retarded must, on the average, diminish th 

; : a destruction, there would appear to be but 
Pitz question of ** the diversity of vi from fart of our being able to retard it sufficiently to di 
cast ee urhood a - : .s risk to any material extent. It must be 1 
Alfred Walker raat May 4 also, that though we might raise a late blossomin 
pb en gee =o : 5 t is a hundred chances to one tha he fruit 
“3 dence on this subject, however, was offered to 1 : able to compete in the mark with known variet 
committee by the numerous grower who appeared The flowers of the large majority of Englis! 
witnesses before th “ : would appear to open within a period of about 
a subject more suited for investigation at an experimental Observatio: . , 


one olf very great complex 


and it would certainly eem to be 


: . , - I . 1s made this year on 117 varieties gav 
station than one which could be dealt with by a depart 
mental committee. 


range of 16 days, but 98 per cent. of these varieties 
within a range of 13 days, and 84 per cent. wi 
range of g days. The extent of the variation, thé 
is not sufficiently large to offer much promise of s 
in raising a variety which would escape frost by its 
ness of flowering. It is noticeable, however, th 
English apples appear to be rather earlier in their fl 
than varieties belonging to other countries, when 
grown under the same conditions. The results obt 
at Woburn this year were as follows, the dates being ¢! 
“epee Ace ag: sage toe ee R +t of the opening of the first flowers, and the fracti 
ably more important in fruit growing than good water ates arising. of cours 3 aking e me 
drainage. Various means have been investigated for re- 8 a? a i an lhe 


NO. 1869, VOL. 72] 


Meteorological conditions are, no doubt, primarily 
responsible for most failures of cropping, and, in a climate 
such as that of our islands, we can never hope to do more 
than mitigate the evil effects of inopportune cold. The 
destruction of the blossoms is generally due—as in 1903 
to cooling by radiation, and the best safeguard against 
this form of cooling is a fairly elevated position, and a lie 
of the ground favourable to the draining away of the 
cold air from the plantation. Good air drainage is prob- 
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se termed English include several varieties of foreign 
gin which are commonly grown in England. In most 
es the trees were on the crabstock :— 


May 6-4 
May 8-9 
May 9-4 
May 9-0 
May 4-0) 
May 8-6 


117 English 
30 Scotch 
9 Irish 
8 French 
(1 German 
7 Russian 


\nother point of some interest in connection with these 
its may be mentioned, namely, that there is a 
tion between the earliness of blossoming and the earli- 
s of the ripening of the fruit, though it is so slight 
it becomes apparent only when the averages of a 
siderable number of varieties taken, and many 
ividual may be noticed where the later fruit 
ws the earlier blossoming : 


con- 


are 


instances 


May 4-7 
May 63 
May 8-0 


37 Early varieties : 
40 Mid-season varieties 
40 Late varieties 


leaves un- 
importance 


his letter, | fear, is already too long, but it 
tioned several points which may be of 
etermining the fruiting of trees. 


SPENCER PICKERING. 


Artificial Diamonds. 


Or the two phases, diamond and graphite, diamond is 
denser, and has the internal energy. It 
ws that, if carbon can be crystallised at comparatively 

low temperatures, the minimum pressure sufficing to de- 

termine the diamond form will be lower than _ that 
employed in M. Moissan’s experiments. 

For estimating the transformation temperature 
sponding to low pressures, the data available are incom- 
plete; it is here suggested, however, as a tentative result 
from experiments which are still in a preliminary stage, 

the transformation temperature corresponding to 
ospheric pressure lies somewhere between 550° C. and 

, not far limits, temperatures 

so far been judged only by eye. 
molten alloy of lead with about 1 
ippears to be capable of holding in 
proportion of which 


also less 


corre- 


ca outside those 
calcium 
small 


carbon 


per 
solution some 
either as free 
or as calcium 
and if the calcium is 
eliminated from the molten 
some carbon 
crystallises out. Steam, 
for example, converts the 
calcium into hydrate with- 
out attac king the lead. 
If the reaction has 
occurred at a full red heat, 
graphite is found in _ the 
crust of lime; if only a 
very low red heat has 
keen attained, no graphite 
is found, but a number of 
very small or microscopic 
crystals, which have many 
properties of the 
The illustration 


pencil drawing 


cent. 
carbon, exists 


carbide ; 


mass 


Supposed diamond from lead- Of the 
cium-carbon solution. diamond. 
is from a ‘ 
viewed under a magnification 
drawn on a greatly enlarged scale. 
rystals obtained exhibit mostly faces of the octa- 
modified by the cube ( 
internal flaw or lack of perfect transparency been 
in them. The refractive clearly very 
id an attempt to determine it by displacement of 
ve 2-43 (instead of 2-47), any convexity of the 
g surface tending to give too low a value. The 
are, in generally if not always 
cases strongly so. The crystals adhere 
dry they are unacted upon by 
cold), by cold hydrofluoric acid, and 
red heat. When strongly 
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and dodecahedron ; in no case 


index is 


faces 
n many 
slv to clean, 
iids (hot or 
alkali at a 


fact, 
glass ; 


heated on 
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platinum foil, they burn away, leaving no residue. The 
quantities at present available are too small for the ready 
determination of density or hardness. 

Negative results were invariably obtained in control ex- 
periments on the commercial calcium carbide which was 
used in preparing the alloys. 

Tin may be used in place of lead, but it is freely oxidised 
by the steam, and the resulting dioxide is troublesome to 
get rid of. Of other which appear to have 
yielded minute crystals of diamond, the following may be 
mentioned :—boiling benzene or toluene in contact with 
finely powdered potassium dichromate or with concentrated 
aqueous solution of gold chloride; heating benzene or 
toluene mixed with carbon tetrachloride or chloroform to 
200° C. to 300° C. in a bomb. In the last named re- 

nearly all the carbon separates out in the 
amorphous form, hydrochloric acid collecting under 
enormous : 


reactions 


actions, 


pressure. 


1 hope shortly to return to the subject of these experi- 
ments, and to make a fitting acknowledgment of my deep 
indebtedness to Mr. W. J. Hartley, to Messrs. Neville and 
Heycock, and to other friends. C. V. Burton. 


4 Chesterton Hall Crescent, Cambridge, August 109. 


The Spread of Injurious Insects. 


ca os 
insect discovered by Prof. Chaves at 
Azores, attacking the foliage of the orange tree. The 
t proved to be new, and was described as Lecaniun 
perlatum. Since that time it has never been reported from 
any other place; but now I have 
flat, dark brown scales on orange 
Encarnacion, Paraguay, collected by Mr. Schrottky, and 
this same L. perlatum. This is only on 
new case to be added to the many already known of scak 
insects being transported from one side of the world to 
the other, evidently by human means. It is to be regretted 
that the British Government, with its numerous tropical 
colonies and excellent botanical not 
something to make known the scale within its 
domains. It is true that Mr. E. E. Green, the 

ment entomologist of Ceylon, is bringing out a magnificert 
work on the insects of that but he 
sufficient support, and it is divulging no secret to say 
that the publication of this useful will involve hin 
in very financial There is no_ properly 
collection of scale insects (the only g 
England is that of Mr. Newstead at Liver- 
pool), and we are still totally ignorant of the coccid fauna 
of many The ’ i this 
dition of mainly two :—(1) be: in ignoranes 
pests of continually 
liable to 
man is so mixing up the distribution of these 
every year makes it more difficult to 
habitats. Having regard for the experiences 
past, it is surely say that the annual 
a few hundred pounds in the investigation 
of these pests would be far more than repaid in 
as well as scientific gains. T. D. A. Cockere. 
University of Colorado, U.S.A., August 10. 


Ix 1898 forwarded to me a scale 
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received some large, 
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they are very 


gardens, has don 
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Govern- 
scale island: finds in- 
book 
serious loss. 
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collection in 


classified 


colonies. reasons for con 
affairs are 
this group 
where they 
(2) because 
that 


natural 


are being carried to new 
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1 
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A Parasite of the House-fly. 


I suoutp like to direct attention to 

the house-fly which is in this district 
The creature is, as a very 
thousands of flies ht 
without a single parasite being found 
upon them. The animal in question is one of the Pseudo- 
Scorpiontdes (? Chelifer), easily recognisable by its pair 
of long chela, and I should be glad if any of your readers 
would inform me to what genus it belongs and whether 
it is equally abundant this vear in other places. 


Eton, August 19. M. D. 


interesting 
f 


parasite ol extremely 


abundant this 
hard to find, many 


in ordinary seasons 


summer, rule, 


may be caug 


and 


HI. 


1 In my original description, it is stated that the skin is not reticulated 
The new material shows that it is minutely reticulated or tessellate in the 
middle of the back. The antennz, described as &-jointed, vary to 7-jointed, 


with the fourth joint longest, but the third nearly as Icng. 
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MORE LIGHT ON ANCIENT BRITAIN? ng: in Scandinavia, Germany, France, and even 
1 Troad. 

[? is gratifying, and at the same time puzzling, to The intricacies of the text are considerably simpli- 
find that the antiquities discovered in part of | fied by numerous diagrams, giving the plan an 

a single county can provide material for two such | vertical section of the barrow under examination 

voluminous works as Canon Greenwell’s ‘ British | and a specimen is here reproduced to show how it i 

Barrows *’ of 1877 and the record of Mr. Mortimer’s | possible to read the history of a burial mound. On: 

researches, now issued with the assistance of Mr. | in the Aldro group measuring 84 feet in diamet 

Sheppard, the energetic curator of the Hull | and 5 feet in height was excavated in 1866. TI 

Municipal Museum. The district investigated lies | clay and soil forming the 

between York and Bridlington, and teems with relics | upper part is marked A, 


of the past, most of the barrows, or burial mounds, | while B is a_ boat-shaped 
dating from the Bronze Age, but two or three | mass of clay and soil below h 





cemeteries containing Anglo-Saxon graves at least a | it, c being the chalk filling 
thousand years later. The excavations in which the | of the inner mound and 

author has been concerned for so many years are | grave below — the original 

well described; but those without special knowledge | surface-level EW. | Nos. 1-8 - 
of the period will turn with most satisfaction to the | are interments of children hex” 
introduction, where, with the aid of copious extracts | and adults in a pit cut rather Ee 
from the earlier work already mentioned, some in- | deeper than usual in the 
teresting generalisations are made from the data fur- | chalk rock; but they were 

nished by the spade. Evidence is brought forward | not all complete skeletons, 

in favour of cannibalism among the ancient Britons, No. 7, for instance, being a 

a practice that has been suspected for some time; heap containing a ** drink- 

and human sacrifice, perhaps also suttee, seems to | INg-cup — In 45 pieces, frag- 

have been indulged in at the burial of an important | ments of six human lower- 
personage. In some barrows there were signs that | J&@Ws, and a number of smail 

a circular hut or a pit-dwelling had been used as a bones packed in an adult 
sepulchre, the walls and roof being thrown down calvarium. Whether con- 


over the body; and the author’s suggestion as to the | t©¢™porary or not, these 
burials had been surmounted 


by a dome of chalk which 
was cut into for another 
burial at some later date 
and subsequently covered 
f- =: with the outer mound. 
Fias¢ pose = Of the succeeding Early 
| eee i po sab - Age of iron remains are few 
Ipes- ee a in this particular district, 
bspooeses Loc though abundant a_ few 
: pe @. ae — — miles further north; but one 
Shae a SodigrS == 2: — of ee _— be 
noted. 1e€ =6osswords rere 
Fic. 1.—Section of Round Barrow, Aldro, E.R. Yorks. illustrated were found with 
a skeleton, and belong to 
two distinct types; the 
longer is of usual dimen- 


O 
J 








kei. asthe a 2<7Ve ea c— rd 
om vied 


am EIN 


origin of the incomplete ring formed by stones or 
a trench round many burials of the period is cer-| cons and has the character- 
tainly plausible. In his own words, ** these rings are | jctie curved scabbard-mouth 
probably marks of taboo or enclosures which were | and the chape of the middle 
made at the beginning of the ceremony to mark off period of La Téne, while the 
and protect the sacred spot in which the ceremony | shorter sword is the only 
and interment were afterwards to be conducted, and | one of the kind known to 
the break in the circle had no other significance than | have been found in_ this 
to serve as a place of ingress and egress during the country, and with = similar 
performance of the obsequies.”’ examples from France and 
It is interesting to have existing evidence as to | Switzerland mav date from 
the sepulchral pottery confirmed by further dis- | about 100 B.c. The human 
coveries. With a few very doubtful exceptions the | head between the branches 
so-called “ drinking-cup ’’ is never found with cal- | of the pommel is evolved 
cined human bones, and generally accompanies the | from the knob that appears 
primary, or at least one of the earliest burials, in | in that position on certain 
the mound or the grave beneath it. Of the ‘‘ food- | short swords from the Hall- ro, oie Deak S 
vessels,’? 43 were found with cremations and 119 with | statt cemetery. “&e., North Grimston, 
unburnt skeletons; and these figures agree with The Anglo-Saxon ceme- Yorks. 
Canon Greenwell’s, giving a -proportion of about | teries contain unburnt 
one to three. Though occasionally found on the top | bodies of which the orientation is instructive, w! 
of calcined bones, the cinerary urns, as their name | many excellent brooches and other relics have | 
implies, were generally used to contain the ashes of | recovered. These and the vast Bronze Age series 
the dead, and ‘‘incense-cups’’ are invariably asso- | have been amply and creditably illustrated, but, un- 
ciated with the rite of cremation, though we must | gallant as it may appear, a protest must be lodged tron 
contest the statement that the latter vessels are also | against the frontispiece, which gives a totally false colu 
Ee “* Forty Years’ Researches in British and Saxon Burial Mounds of East impression of the Grimthorpe sword. In a \ ‘ that 
Vorkshire. ° By J. R. Mortimer. Illustrated by Agnes Mortimer. Pp. containing so many references misprints are ex join 
Ixxxvit+452. (Hull: A. Brown and Sons, Ltd., 1905.) able, but some are irritating ; thus, Inverary (p. . presi 
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should be Inverury, and the next page has a cruel 
mutilation of Le Gros Guignon, while the reference 

irchaeological Journal on the page before should 
be to the York volume (1848). 

Following an excellent example, Mr. Mortimer 
furnishes relic-tables with all necessary details at the 
end of the volume, together with a copious index. 
Comparison with Canon Greenwell’s table shows a 
vi large proportion of primary interments, there 
eing in one case aS Many as seventeen, to three 

ndary; but in a matter of this kind different 
onclusions might be drawn from the same data. 
\liogether the work is most welcome as a fund of 
material for more general treatment, and should 
encourage the study and publication of prehistoric 
finds in England. 


THE FORTHCOMING TOTAL SOLAR 
ECLIPSE. 


B* the time that NATURE appears next week, the 
) total solar eclipse of August 30 will have become 
an event of the past, and we hope then to be in a 
position to announce that the carefuls preparations, 
vhich have occupied the minds of astronomers for so 
many months past, have been crowned with success. 

Since the appearance of Dr. Lockyer’s article con- 
cerning the eclipse, in our issue of February 23, 
several important modifications in the proposed 
wrangements have been made, but most of the eclipse 
observers are now at their stations erecting or adjust- 
ing their instruments for the final scene on Wednes- 
day next. How much depends on the nicety of these 
idjustments can only be understood by those in- 
timately concerned; but when it is recalled that since 
the general introduction of photographic methods 
into eclipse work the sun has only been eclipsed for 


about half an hour, that the duration of totality in the 


3 


3% minutes, and that no favour- 
able opportunity will occur again until 1912, when 
totality will only last for about 60 seconds, some idea 
may be obtained of the anxiety of those observers 
who are fortunate enough to take an active part in 
next Wednesday's observations. 

Subjoined to this article is a letter from Dr. 
W. J. S. Lockyer describing the preliminary oper- 
tions of the eclipse expedition of the Solar Physics 
Observatory, under the personal direction of Sir 
Norman Lockyer, K.C.B. When all arrangements 
for this expedition were nearly completed, but before 


Sir Norman Lockyer left England, it was 
j 


coming event exceeds 


decided 
wv the French Government, in quite a friendly spirit, 
that the presence of a foreign man-of-war in Philippe- 
ville harbour was not desirable at the present time; 
therefore arrangements were made with the Spanish 
iuthorities, who rendered such valuable help to the 
similar expedition in 1900, for the party to go to 
Palma. Some of the work contemplated at Palma 
is described by Dr. Lockyer in his letter. 

Some novel observations will be made by other 
observers. In a recent communication to the 
British Astronomical Association Mr. C. E. Stromever 
ointed out that geodesy might be assisted by an 
accurate determination of the path of totality. 
This path has been computed on the assumption 
that the earth has a certain form, and if the 
computed values are found to be incorrect, the 
errors in the assumption might be discovered. 
\nother valuable suggestion was made in a letter 
rom Dr. Johnstone Stoney which appeared in these 
columns on July 13, wherein the writer pointed out 
that the planet Mercury will be very near to a line 
joining the earth and the sun, and will therefore 
present a very thin crescent to the observer’s view. 
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If Mercury has an atmosphere, the horns of the 
crescent should appear prolonged by atmospheric re- 
fraction, and a careful observer, suitably equipped, 
should be able to detect the prolongation, and possibly 
to observe the spectrum of the tips. 

M. Touchet suggests that the moon might be 
observed, both before the first and after the fourth 
contacts, projected on the brighter portions of the 
lower corona, by an observer employing a suitable 
dark glass with a small telescope. 

In a brochure recently received from Sehor Horacio 
Bentabol, of Madrid, the author makes a number of 
suggestions to eclipse observers by which the exist- 
ence of a lunar atmosphere might be detected. 
Among other matters he suggests that delicate 
thermometric observations made for some hours before 
and after the eclipse might exhibit a heat-absorption 
effect due to the interposition of the lunar atmo- 
sphere, between the sun and the observer, before the 
actual body of the moon was interposed. Solar radi- 
ation observations might also exhibit the same effect. 
Photometric observations of the illumination of the 
sky might show an analogous absorption of light, 
due to the lunar atmosphere. Exact determinations 
of the solar diameter would, if the moon possesses 
an atmosphere, probably show the results of the re- 
fraction due to that atmosphere. The apparent 
hourly movement of the sun should become modified, 
as the lunar atmosphere is interposed, for the same 
reason. Many other points whereby the existence of 
such an atmosphere might be tested are given by 
Senor Bentabol. 

\s recently mentioned in these columns, French 
astronomy will be well represented at the various 
stations, whilst American astronomers have journeyed 
to a number of widely separated stations. Three 
expeditions have been sent from the Lick Observatory 
to Labrador, Spain, and Egypt respectively. At 
each station a search is to be made for an intra- 
Mercurial planet, and large-scale coronagraphs of 
exactly similar construction are to be emploved. 
Should any actual movements take place in the corona 
during the two and a half hours which elapse between 
totality at Labrador and at Assouan, the photographs 
obtained at these respective stations should show it. 

The Canadian Government has dispatched an 
expedition to Labrador, and has officially invited 
Mr. and Mrs. E. W. Maunder to accompany the 
same. Mrs. Maunder will employ a_ coronagraph 
exactly similar to that which Prof. Turner is using 
in Egypt. 

The details concerning the regions crossed by the 
eclipse track, and the times of totality, &c., have 
already been given in many places, but the subjoined 
table giving the times and magnitude of the greatest 
phase in these islands may be of interest : 

Eclipse begins Greatest eclipse Eclipse ends Mag. 
d. h. m. d. h. m. h. m 
Greenvich 2 Mm «3: Mt Ew | 15 0°786 
Edinburgh a. BOB ww 4 ww O72 
Dublin ... 29 — «us WOR .. 5 0°799 


NNN > 
www 


In the above table, which is taken from the Com- 
panion to the Observatory, the times are Greenwich 
Mean Time, which is reckoned from the previous 
mean noon, and the magnitude is given with the 
sun’s whole diameter as unity. 


The Solar Physics Observatory Eclipse Expedition. 
Palma, August 18. 

We have now been at Palma a week to-day, and 

are all thoroughly settled down, not only at the 

very excellent hotel in which we are located, but at 

the eclipse camp, which lies about a mile towards 

the north-west. We are a large party. There are 
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150 volunteers from H.M.S. 
captain and all the officers, and we ourselves total 
six, namely, Sir Norman Lockyer, Mr. C. P. 
Butler and myself, and three volunteer observers, 
Lady Lockyer, Mr. Howard Payn, and Mr. Frank 
McClean. 

We arrived here on the morning of August 10, 
having transhipped at Gibraltar to H.M.S. Venus 
about noon on August 8. The arrangements for 
transferring the 110 packing cases from ship to ship 
were all that could be desired, an Admiralty lighter 
and tug being in readiness on our arrival. By five 
o’clock in the afternoon we were steaming away 
towards our destination, leaving behind us that great 
pile of rock, which eventually became a dim speck 
on the horizon. 

Needless to say, the conversations in the captain’s 


cabin, in the wardroom, and in many other parts of | 


the ship were concentrated on eclipse matters, and 
this culminated in a lecture which | was requested to 
give to the whole available ship’s company. The 
keenness displayed was universal, and the following 
day volunteers were called for to assist in the work 
for the eclipse, and, as I have previously mentioned, 
they now total 150. The same evening Sir Norman 
Lockyer gave a lecture, which increased, if possible, 
the keenness previously displayed. 

On our arrival at Palma, which, by the way, is 
situated in a_ beautiful bay with an_ excellent 
anchorage, the ship was boarded by numerous officials 
after the customary salutes had been exchanged 
between the ship and the fort. Amongst those who 
came on board was our friend Mr. Howard Payn, 
who had preceded us in order to fix on a suitable 
site for our camp, to arrange for local labour and 
material, and to smooth things generally for us. 
The very admirable way in which this difficult and 
delicate task was accomplished by him in conjunction 
with Mr. Roberts, the British Consul at Barcelona, 
could not be surpassed, and all the members of the 
expedition: are unanimous in singing their praises. 
For the expedition to Spain in 1900 Mr. Payn 
rendered a similar service, and on that occasion the 
arrangements he made were all that could be desired. 

On the afternoon of our arrival at Palma, Sir 
Norman Lockyer and Captain Eyres, in the company 
of the British Vice-Consul, Mr. Bosch, paid some 
official visits, and afterwards the site selected by Mr. 
Payn was visited. This site is an ideal spot for a 


large eclipse camp, being sufficiently close to a land- | 


ing stage for boats, walled in, and perfectly open for 
astronomical observations in all directions. The 
ground, which is private property, has been kindly 
lent by the owner for the purposes of the eclipse 
observations, and the members of the expedition are 
extremely grateful for the use of such an admirable 
camping locality. 

Indeed, kindness itself has been displayed in every 
direction. All the authorities of the island have laid 
themselves out to supply anything that is required, 
and already these offers have been accepted in several 
ways. 

On the early morning of August 11 work at the 
camp began in earnest. The tents, loaned to us by 
the War Office, were taken ashore and erected, and 
later in the day the packing cases were landed and 
carried by carts to the ground. Parties from the ship 
soon began to be acquainted with the contents of the 
cases they had so delicately handled, and by the even- 
ing the large wooden structure composing the dark 
room and the camera end of the prismatic reflector, 
and also the siderostats and ccoelostat huts, were 
nearly all erected and covered. While this work was 
in progress, meridian lines were being pegged out 
and the positions for the concrete pillars fixed. 
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The erection of the piers for the instruments com- 
menced on the following day, and so soon as thes 
were completed the instruments which were to b 
placed on them were put together and set up. 

At the time of writing (August 18, 10 p.m.) gre 
progress has been made; most of the instruments a: 
nearly erected, some are in approximate adjustmen 
while they are now all under canvas, the covering. 
having been set up in truly nautical style. 

To gain some idea of the work undertaken, it m 
be mentioned that the larger instruments include 
prismatic reflector of 76 feet focal length, a 6-in 
three-prism prismatic camera, two coronagraphs (0) 
16 feet focal length) and an objective grating came: 
worked in connection with one coelostat, a_ tripl 
camera of 3-inch aperture and 12 feet focal leng 
for photographing the eclipsed sun in colours, and 
34-inch coronagraph worked equatorially.  Alrea 
each instrument has a party from the ship to assis! 
in working it efficiently, and these are daily in ti 
camp to render aid when necessary. 

In addition to the above-mentioned 
the instruments, there are several other pieces 0 
work which are being taken in hand. Thus the dis 
party has already erected discs of various sizes on 
imposing structures on the east side of the ground. 
Further, there are groups of observers for sketching 
the corona without discs, making star observations 
recording the colours of the corona and landscajx 
observing the shadow-bands and sweep of the shadow, 
making meteorological observations, &c. 

These and other parties are daily being drilled t 
render them as efficient as possible, and there is every 
hope that eclipse day will find them skilled and 
accurate observers. 

We are, however, rather doubtful as to the kind o! 
weather that will be experienced here on the eventful 
day. So far, the chances have been in our favour 
but partially clouded skies are more common than on 
would like to see. A sharp thunderstorm broke over 
the town on the early morning of August 17, and 
rain fell in torrents. Fortunately there was no wind 
and no damage was done. Those acquainted with 
the local weather conditions cheer us up by forecast- 
ing fine weather, but clouds are far more frequent 
than one would wish them, and the prospects are not 
nearly so good as they were in India in 1808 o1 
Spain in rgoo. In less than a fortnight’s time our 
fate will be sealed. 

In addition to our party, numerous other observers 
of different nationalities are taking or 


assistants for 


have taken 
up their stations in the neighbourhood of the tow: 
Witiiam J. S. Lockye! 


OF 


INTERNATIONAL CONGRESS 
ANATOMISTS. 

‘THE first meeting of the Congrés fédératif ir 
national d’Anatomie was held in Geneva, 

commenced on the morning of Sunday, August ¢ 


FIRST 


the opening of an exhibition of specimens and 


illustrating recent progress in anato 
The congress closed on the evening of Thurs 
August 10, when three hundred members and 
herents of the congress were entertained by the 
of Geneva to an official banquet. The congress 
presented a conjoint meeting of the five lead 
anatomical societies—the Anatomical Society 
Great Britain and Ireland, Anatomische Gesellsch 
Association des  Anatomistes, Association ol! 
American Anatomists, and the Unione Zooligica 
Italiana. Almost every country was 


pliances 


represenicd 
Switzerland itself contributed more than 100 members, 
France 66, Germany and Austria 36, Great Britain 
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d Colonies 23, Italy 11, America 3, and other 
intries 16. The largest contributors to the pro- 
dings of the congress, however, were the Germans ; 
t of a total of 117 communications, 32 were made 
them, 31 by the French, 18 by the British, 15 by 
Swiss, 8 by Italians, 5 by Swedes, and 2 by 
\mericans, 
From every point of view the congress was a suc- 
Anatomy is peculiarly susceptible of inter- 
ional treatment, the subjects for description and 
discussion being concrete and capable of direct demon- 
stration. The language difficulty certainly hindered 
free discussion on more than one occasion; for in- 
stance, on the second day, a 
giving his communication in French, listened 
st attentively to a vigorous criticism in 
German, and, bowing profoundly, replied, ‘‘ Je ne 
iprends pas l’allemand.’’ With an agenda list 
rloaded with 117 communications, there was a 
grave risk of disorganisation. Thanks to the com- 
te arrangements made by the committee of organi- 
sation, presided over by Prof. A. Eternod, of Geneva, 
| to the perfect arrangement of business by the pre- 
sident of the secrétariat, Prof. von Bardeleben, the 
woceedings of the congress made an even and steady 
The success of the congress must also be 
cribed to Prof. Nicholas, of Nancy, secretary of th 
French society; English members were indebted to 
Prof. Symington, president of the British society, 
ind to Dr. Christopher Addison, its secretary. Each 
day's work was divided into two parts; the morning 
s devoted to papers, ten minutes being allowed for 
1 communication, and three minutes to any mem- 
who wished to criticise; the afternoon was 
side for exhibition of new specimens and demonstra- 
ons of the material on which the communications of 
morning were based, and this was by far th 
ist instructive and profitable part of the day’s work. 
Swiss cow-bell, employed by the president of 
day’s proceedings (for the president of each 
iety acted in turn as chairman) to warn .the speaker 
he had reached the limit his allotted time, 
nd the members of the congress by a common 
of humour and materially aided the success of 
meeting. In spite of the entente cordiale, the 
ish anatomists associated more closely with the 
nan than with the French members of the con- 
ss—an association determined, for the greater 
by the fact that the Germans were the superior 


ists, 


( 5. 


speaker, after 


ress. 


set 


of 


\Vith so extensive a programme, it is impossible in 
report such as this to do more than note the more 
tanding communications, Making every allow- 
for prejudice of race, the first place, both in im- 
nee of results and excellence of technique, must 
ssigned to the contributions made by Prof. J. T. 
lson, of Sydney University, who placed before the 
ress the results of a prolonged investigation into 
developmental history of ornithorhynchus 
by his colleague and collaborator, J. P. 

and by himself. With the material now 
their command they will be able to write a 
ind precise account of the development of 
monotremes and throw a great deal of light on 
malian morphology. The photograph of an 
thorhynchus egg, in the eight blastomere stage, 
shown. Most remarkable of all were th 
lens and photographs showing the early de- 
mental phases of the central nervous system. 
medullary plates, instead of folding over at an 
date to form the neural tute as in mammals 
rally, remain exposed on the surface of the 
» and thus give a superb opportunity of study- 
he processes of segmentation and differentiation 
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| diphyodont mammals. 


| a separate 


| exhibited 


| embryology of 


of the central nervous system. The cephalic part of 
the central nervous system is seen at first not to be 
differentiated into three parts, viz., hind-, mid-, and 
fore-brain, but into two, a hind part, or archen- 
cephalon, and a fore part, or deuterencephalon, under 
which the notochord terminates. The archencephalon 
shows four or five sharply demarcated neuromeres in 
front of the neuromere connected with the facial 
nerve (prefacial neuromeres), but Prof. Wilson de- 
tects in some of them traces of a subdivision. There 
are three post-facial neuromeres. By using em- 
bryos of Perameles and Dasyurus to supply blanks 
in the ornithorhynchus series, Wilson and Hill were 
able to show that the neural crest forms at first a 


| continuous hem on the lateral margins of the medul- 


lary plates. That part of the neural crest correspond- 
ing to the prefacial neuromeres undergoes, relatively 
to the rest of the neural system, an enormous growth 
forming a plate of cells which was mistaken by 
Selenka in other marsupial embryos for a mass of 
mesoblast. The neural crest connected with thé 
facial segment forms the acoustic ganglion; that 
with the post-facial neuromeres the glosso-vagal 
ganglion, the rest of the crest becoming differen- 
tiated into spinal ganglia. 
It is within the memory of the 


even younger 


| zoologists that ornithorhynchus was regarded at on 


time as a toothless mammal; then came the dis- 
covery by Poulton and by Stewart that teeth wer 
present but remained embedded in the gums. Prof 
Wilson was able to demonstrate in his series of em- 
bryos the presence of two dentitions—the develop- 

milk dentition and thé 


ment and absorption of a 
formation of a permanent dentition that discovered 
Thus ornithorhynchus, so 


by Poulton and Stewart. 
is concerned, takes its place with 


far as its dentition 

Further, it was shown that 
of the permanent molars is preceded by 
milk tooth—a powerful argument in 
favour of the evolution of molar teeth by the con- 
crescence of single-cusped teeth. Photographs wer: 

of a reconstructed model of the skull of 
foetal ornithorhynchus which shows many aberrant 
and puzzling features. Other contributions to th 
monotremes were made by Prof. 
of Freiburg (models showing develop- 
the urogenital apparatus of echidna), and 
to the embryology of marsupials by Dr. Fiir 
Bresslau, of Strassburg (preparations showing the 
development of the pouch of Didelphys marsupialis) 
Two papers on the agenda list, one by Prof. von 
Bardeleben, of Jena, entitled, ‘‘ Die Homologie des 
Unterkiefers in der Wirbeltierreihe,’’ the other by 
Prof. Gaupp, of Freiburg, ‘‘ Die Nicht-Homologi« 
des Unterkiefers in der Wirbeltierreihe,”’ 
again into prominence that 
the origin and nature of the 
Bardeleben maintained that the lower j of a 
mammal was strictly the same structure as that of a 
reptile, and produced, as evidence of his contention 
mandibles of marsupials and of i 
which there could be traced lines somewhat 
t> the sutural lines to be seen in the 
mandible. Prof. Gaupp’s paper was : 

vigorous denial of Bardeleben’s contentions 
Gaupp’s opinion the temporo-maxillary joint 
mammals was a new joint formed between the 
coronoid process of the reptilian jaw and_ the 
squamosal, and quite different fram the mandibulo- 
quadrate joint of reptiles. His conclusions were 
largely based on a consideration of the relationship 
of muscles and nerves to these joints. The new 
mammalian joint was formed in the insertion of the 
pterygoideus externus, the end tendon of which be- 


eat h cusp 


Keibel, 
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brought 
much-debated problem 
mammalian lower jaw. 


human foetuses in 
similar 
reptilian 
and 
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came the interarticular disc, as can be seen in 
echidna. By means of a model he demonstrated 
the manner in which a new joint could be developed 
without leading to a disturbance of the function of 
mastication, thus leaving the quadrate to form one 
of the auditory ossicles (hammer). It must be ad- 
mitted that Gaupp’s theory explains the embryo- 
logical phenomena, and clearly met with general 
acceptance by the members of the congress. Prof. 
Eugen Fischer, of Freiburg, pointed out that the 
theory explained the presence of cartilage which he 
had found in the developing coronoid and condylar 
processes of the jaw in the mole and apes. A model of 
an early developmental stage of the human mandible 
was shown by Dr. Alexander Low, of Aberdeen, 
who also demonstrated a special formation of car- 
tilage, independent of Meckels, in the condylar and 
coronoid processes of the human jaw—facts in favour 
of Gaupp's hypothesis. In the opinion of the writer 
of this report, this vexed question is not yet settled, 
nor is it likely to be so long as anatomists seek to 
derive the mammalian from the reptilian type of 
mandible. 

Ten communications dealt with the structure or 
development of nerve cells. One of these was a 
paper by Prof. A. Donaggio, of Naples, ‘ Il reticolo 
neurofibrillare della cellule nervosa dei Vertebrata 
(con demostrazione di preparati microscopici),’? which 
revealed the energy and fire which Continental 
anatomists can throw into their work. Prof. Ramon 
y Cajal, of Madrid, aiso brought to the congress 
specimens to demonstrate the direct continuity of the 
neuro-fibrillar network of the nerve cell with the den- 
drites on the one hand and the axon on the other. 
He had placed his microscopes and specimens on a 
window-ledge of a passage leading to the laboratory 
where Donaggio gave an enthusiastic demonstration 
to an intent circle of listeners. Cajal suddenly joined 
the circle and gave a direct contradiction to some 
statement of Donaggio. A lively scene followed; 
Cajal fetched his microscopes and specimens one by 
one from the passage and placed them impetuously 
before Donaggio. It was hard to ascertain the exact 
point in dispute, but it was subsequently discovered 
that it was a matter of thickness of section, Cajal 
maintaining that Donaggio’s sections were too thin 
to demonstrate the relations of the neuro-fibrillar net- 
work of the nerve cell, while, of course, Donaggio 
regarded those of his opponent as too thick. The 
dispute was amicably settled by the discovery that 
both meant the same thing, namely, that the neuro- 
fibrillar network of the nerve cell was directly con- 
tinuous with dendrites and axon. 

The question of the development and regeneration 
of nerve cells again came up for discussion. Dr. 
John Cameron showed excellent photomicrographs 
of the developing optic and spinal nerve fibres in 
amphibians and birds which he believed to be both 
of central and peripheral origin. Optic fibres he 
regarded as direct prolongations from the nuclei of 
the retinal ganglion cells. Specimens were shown 
by Dr. Alfred Kohn, of Prague, demonstrating that 
the cells which go to the formation of a nerve, both 
fibre and sheath, are derived from the central nervous 
system—a _ histological confirmation of MHarrison’s 
clever experiment. Prof. Barfurth, of Rostock, pro- 
duced the results of experiments on regeneration of 
nerve fibres made by C. F. Walter, and concluded 
that the axis cylinders could be produced by the 
cells of the nerve sheath. 

Dr. George Streeter exhibited a series of models 
showing the development of the acoustic ganglion in 
human embryos. The cochlear ganglion is separated 
from the vestibular ganglion during development, 
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and the association of the cochlear nerve wi 
the nerve to the posterior ampulla is mer 
fortuitous; Dr. Giuseppe Levi, of Florence, ga 
an account of the various forms of cells found in ti 
ganglia of the spinal nerves in developing pigeoi 
In another communication this author showed th 
ganglion cells vary in size with the size of 1 
animal in which they occur; other cells are 1 
affected by the size of the animal. Dr. E. 
Jamieson exhibited an excellent series of dissections 
of the brain, showing how various nerve trac 
usually seen only in section, can be demonstrated 
their complete extent by means of scalpel and force; 

Several contributions were made to our knowled:: 
of blood corpuscles. Dr. T. H. Bryce gave an ac- 
count of the development of the thymus gland 
Lepidosiren, and showed that leucocytes were pre- 
sent before this gland was developed, and th 
therefore, Beard’s theory of the thymus being tix 
primary source of leucocytes could not be entertain« 
Weidenreich, of Strassburg, traced the origin of 
forms of white blood corpuscles from a comm 
mononuclear cell, which was similar to, if not iden- 
tical with, connective tissue corpuscles. With this 
conclusion Dr. Bryce agreed. Prof. Jolly, of Paris 
described the formation of the mammalian red blood 
corpuscle by the gradual absorption and disappe:r- 
ance of the nucleus, not by an extrusion as is usuall 
supposed. A research into the changes in 
thymus gland which take place with age led Pt 
Hammar, of Upsala, to conclude that the lymphoid 
tissue of that gland reached its maximum developm: 
in the years of puberty. Analogous results were ob- 
tained by Dr. R. J. A. Berry and Dr. Lack, of Edin- 
burgh, regarding the development of the lymphoid 
tissue of the vermiform appendix. Using the averagi 
number of lymphoid follicles seen in sections of the 
appendix as an index of the development of th 
lymphoid tissue, they concluded that the maximum 
number (7) was found about the twentieth year, ever) 
subsequent decade leading to a decrease in the num- 
ber of follicles. 

Very few of the papers dealt with the naked-ev 
structure of the human body, or had a direct bearing 
problems which interest the surgeon or 
clinician—a very remarkable fact when one _ con- 
siders that the vast majority of the members of th 
congress are teachers of medical students. To this 
limited group of communications may be assigned 
the paper by Prof. Symington on the relations of 
deeper parts of the brain to the surface and P: 


Cunningham’s further observations on the fcrn 


the stomach, with special reference to hour-g 
stomach. Papers belonging to this section 


| given by Chaine, Ledouble, Broman, Delmas, G 


Steida, and Poirier. 

Contributions to physical anthropology were 
few in number. Dr. Wright, of Birmingham, « 
with the characters of the men buried in the r 
barrows of Yorkshire, and found that they 
identical with the men obtained from prehist 
graves in the neighbourhood of Fribourg, Luss 
and Berne. Englishmen of to-day are rather lon 
headed than the men who were buried in the r 
barrows of Yorkshire, a fact which Dr. Wright 
plained by the invasion and intermixture of the | 
headed Scandinavians with the men of the round | 
row age. Prof. Eugen Fischer dealt with thi 
posit of pigment beneath the conjunctiva. It o 
in mammals generally, and in all primates 
races of men save Europeans, in whom the 
conjunctival tissue is free from pigment except 
certain pathological conditions. 

Some very remarkable specimens—showing exq 
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technique—of the maturation stages in the ovum 

he bat were placed before the congress by Prof. 
der Stricht. Equally fine specimens, showing 
manner in which the zona radiata formed 

id the ripening egg of the rabbit, were shown by 
vaud and Petitjean, of Lyons University. Their 
imens showed that the zona radiata of the ovum 
ibrillar in structure, and that the fibrils are ar- 
ranged in an inner and outer zone. The fibrils are 
formed in the intercellular protoplasm in which 
the cells of the Graafian follicle are embedded. It 
will be thus seen that the zona radiata is not formed 
from, but deposited on, the ovum. Prof. Eternod, 
Geneva, dealt with the manner in which the 
1an ovum becomes implanted in the uterus, and 
subdivision of the archenteron into the cavity of 
amnion, the neurenteric canal and alimentary 


is 


one may judge from the nature of several contri- 
ons to this congress, there is a decided tendency 
wreak down the barriers that separate the methods 
he anatomist from those of the physiologist. 
ee communications dealt with results obtained by 
riment on living animals. Prof. Sano, of Ant- 
p, by removing groups of muscles from the 
bs and studying the subsequent changes in the 
or cells of the spinal cord, sought to determine 
position of the various motor centres in the cord. 
Tricomi, of Messina, used a somewhat similar 
method in investigating the paths of auditory im- 
pulses. 
lhe members of the congress took part in the dedi- 
n of a monument the memory of Prof. Her- 
Fol, who set sail from Havre in his yacht, 
er, in the spring of 1892 to investigate the fauna 
e Mediterranean. From the day he sailed until 
not a single trace has been discovered of ship 
r crew. The members of the congress were lavishly 
entertained by Madame Fol. The congress placed a 
vreath on the bust of the Swiss physiologist 
Servetus, who discovered the pulmonary circulation 
in the sixteenth century, and burned at the 
ke by Calvin because, so it said, he denied 
existence of the Trinity. A wreath was placed 
vy the British section of the on the spot 
vhere he was burned, this gracious act being 
prompted by Prof. Dixon, of Trinity College, Dublin. 
The congress was a social well as a scientific 
cess. An invitation from American anatomists to 
et at Boston in 1907 was declined, as it was felt 
that at least a space of five years should intervene be- 
tween each congress. A permanent committee for 
the organisation of the next congress was formed by 
the nomination of five men, one from each of the five 
iffiliated societies. It is intended to bring out a bul- 
etin containing the proceedings and transactions of 
ongress, to which purpose part of the sum 
o franes) raised by subscription in Geneva to 
meet the expenses of the congress will be devoted. 
When it becomes the turn of London to entertain this 
congress, it will not be found an easy matter to attain 
the standard of hospitality which has been set by 
Geneva. , 
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PROF. T. R. THALEN. 
the death on July 27 at Upsala of Prof. Tobias 
Xobert Thalén, Sweden has lost one of her most 
physicists and He conducted in- 
sstigations of great delicacy and value in the field 
of spectrum analysis, and was the assistant of A. Pe 
Angstrém in much of his work. He also furnished 
Valuable contributions to the knowledge of terrestrial 
Magnetism, and devised ingenious methods of search- 
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ing for iron-ore deposits. Born at K6ping on 
December 28, 1827, he matriculated at the University 
of Upsala in 1849, where he graduated as Doctor of 
Philosophy in 1854. In 1856 he became lecturer on 
astronomy, and from 1856 to 1859 travelling scholar- 
ships enabled him to study in England, France, and 
Germany. In 1861 he was appointed assistant pro- 
fessor of physics at Upsala, and from 1869 to 1870 
he was professor of physics at the Stockholm Tech- 
nical School. In 1873 he was appointed professor of 
mechanics at Upsala, and in the following year was 
transferred to the chair of physics. This professor- 
ship he held until 1896. 

The principal memoirs written by him dealt with 
the determination of lines in the spectrum 
(1860), researches on the magnetic properties of iron 
(1861), on the Fraunhofer lines (1866), spectrum 
analysis (1866), determination of the wave-lengths of 
metallic lines (1868), terrestrial magnetic observations 
in Sweden in 1869-71 and 1872-1882, on 
the spectra of metalloids (1875), the search for mag- 
netic iron ore deposits (1877), and on the are spectrum 
of iron (1885). 

Prof. Thalén’s researches on the 
and metalloids won for him wide renown, and 
recognised classical contributions to spectrum 
analysis. Partly in conjunction with Angstrém and 
partiy by himself he produced accurate and elaborate 
lines in the 
careful 


s¢ ar 


researches 


spectra of metals 
are 


as 


maps showing the wave-lengths of th 
spectra of many elements. He made a 
examination of the absorption bands of iodine vapour, 
and engaged himself on the difficult problem of de- 
termining and properly assigning the lines in the 
spectra of bodies of the yttrium and cerium groups. 
At the period when these papers appeared, precise 
measurements were needed to settle several funda- 
mental questions in spectrum analysis, and the 
searches in which Prof. Thalén took part were of 
great assistance in this connection. The revised list 
of the lines in the are spectrum of iron, published in 
a memoir presented to the Royal Society of Upsala 
in 188s, is still a standard work of reference wherever 
investigations in spectrum analysis are carried on. 
The magnetometer invented by Prof. Thalén for 
searching for magnetic iron ore deposits greatly 
facilitated the work of prospecting, and ther« not 
a single iron mine of any consequence in Sweden 
where this instrument has not been used. It was 
described in a paper read by Mr. B. H. Brough 
before the Iron and Steel Institute in 1887. In appre- 
ciation of the value of this instrument, in 1874 the 
Swedish Association of Ironmasters awarded Thalén 
a gold medal; and in 1884 he received the Rumford 
medal of the Royal Society for his spectroscopic re- 
searches. He was a member of the Swedish Academy 
of Sciences, and an honorary member of numerous 
both in Sweden and _ other 
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re- 


scientific societies, 


countries. 


1FRICAN MEETING OF THE 


BRITISH ASSOCIATION. 
‘THE various sections of the British Association 
met at Cape Town for three days last week, 
when presidential addresses were delivered and re- 
ports and papers were read and discussed. We print 
two more of the presidential addresses this week, and, 
following our usual custom, shall give in subsequent 
numbers other addresses, well reports of the 
proceedings of the sections written by members 
attending the meeting in South Africa. It is only 
necessary now, therefore, refer to matters of 
general interest connected with the meeting. 
On August 17 a special graduation ceremony 
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honour of the association was held at the City Hall. | 
The degree of Doctor of Science was conferred 
upon :—Prof. G. H. Darwin, F.R.S.; Sir William 
Crookes, F.R.S.; Sir David Gill, K.C.B., F.R.S.; 
Prof. Porter, of Montreal; Prof. Davis, of Harvard 
University; Dr. Backlund, director of the Imperial 
Observatory, Pulkowa, Russia; Prof. Bohr, Copen- | 
hagen; Prof. Engler, Berlin; Prof. Kapteyn, 
Groningen University; Prof. Penck, Vienna; and Dr. 
Sjogren, Stockholm. 

At the conclusion of the ceremony, the Vice- 
Chancellor, Sir John Buchanan, read the following 
telegram from the Prince of Wales, Chancellor of the 
university :—‘* 1 desire to offer my hearty welcome 
to the members of the British Association who to-day 
receive our honorary degrees.—GeEoRGE, Chancellor.’ 

The members of the association arrived at Durban 
on Tuesday, and were publicly welcomed in the City 
Hall, the Mayor of Durban, who was in the chair, 
expressing his confidence that the meetings would 
prove beneficial to mankind by widening the bound- 
aries of scientific knowledge and by inculeating a 
deeper interest in scientific research. 

In returning thanks on behalf of the association, 
Prof. Darwin is reported by Reuter to have said :- 

It was exactly seventy years since His Majesty’s ship 
Beagle, engaged in an historical expedition, sighted the 
coast somewhere about the latitude of Natal. At that 
time Durban was only a small village in the interior, 
entirely in the hands of the Zulus. It was a fact not 
hitherto recorded anywhere that his father, who was on 
board the Beagle, was anxious that Captain Fitzroy should 
put him ashore in order that he might make his way 
on foot or on horseback, or as best he could, to Cape 
Town. But it came on to blow, and the Beagle was 
unable to send a boat ashore. He felt that the chances 
which his father had of reaching Cape Town alive were 
so slight that he might say his presence on the platform 
that day was the result of a puff of wind. 

The annual report of the council for the year 
1904-5 Was presented to the general committee at 
Cape Town on August 15. It is devoted chiefly 
to statement of what action has been taken in 
connection with a resolution from the committee of 
the section of mathematics and physics expressing 
the opinion that the organisation of a Central Meteor- 
ological Department for the British Empire would be 
of the highest benefit to the progress of meteorological 
science and its application to the economic problems 
of the various colonies and dependencies. The re- 
solution was referred to a committee consisting of 
Dr. A. Buchan, Dr. H. R. Mill, Dr. Shaw, and the 
general officers, to consider and report thereon to 
the council; and the memorandum drawn up by the 
committee and approved by the council on March 3 
is abridged below : : 


’ 


a 


There is at present no provision fer the systematic treat- 
ment of the meteorology of the British dominions. Observ- 
ations of various kinds are made in nearly all the British 
colonies and dependencies, and summaries of these observ- 
ations are generally included in the respective official 
publications. India, Ceylon, Canada, the several States of 
Australia, New Zealand, Mauritius, the Cape of Good 
Hope, and the Transvaal have organised meteorological 
establishments and issue regular meteorological _ publi- 
cations. Information with regard to the meteorology of 
the Crown and protectorates found in 
the Blue-books of the several dominions. 

There is no provision for the coordination of the methods 
of observing, the instruments employed, or the presentation 
of results. The want of a satisfactory system of coordin- 
ating the observations from the several dominions 
be deplored from two points of view—the economic 
the scientific. 

From the economic point of view, it eminently 
desirable that facilities should be given for the comparison 
of the climatic features of the regions available for settle- 
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conditions which affect various industries 
At present is possible to obtain a certain amount o 
information for an individual colony by reference t& 
colonial Blue-books, but the data are of very differen 
orders of completeness ; and to ascertain in which colonic 
specified climatic conditions are to be found would be 

labour of such difficulty as to be practically prohibitive 
The Board of Trade publish a certain number of tables « 
meteorological results among their colonial statistics, br 
something of a more comprehensive character is require 
From the scientific point of view the regular issue of tl 
meteorological data for the British colonies in a publish« 
and easily accessible form is urgently desired by metex 

ologists of all countries. 

But there another from which 
treatment of meteorological data must be 
having an important bearing upon the economic interes 
of remote parts of the Empire. Sir John Eliot, in | 
address to the British Association meeting at Cambridg 
pointed out how the study of the meteorological conditio 
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| of the Indian Ocean and the bordering countries had bee 


already applied to problems affecting the economic co 
ditions of India as depending upon the variation of t 
monsoon rainfall, and he gave reasons for believing th 
the further prosecution of the inquiry promises valual 
results for India, Australia, South and East Africa, 
other countries bordering on the Indian Ocean if provisi: 

were made for dealing with the meteorological problem 

a comprehensive manner with the Indi 

Ocean as a whole. 

Similar reasoning may be held to apply also to ott 
oceanic areas, in or on the border of which British colonies 
are situated. In this connection it should, perhaps, be 
mentioned that the control of the meteorological organisa- 
tion of the British West Indies is already passing int 
the hands of the United States. As a result of Sir John 
Eliot’s representation, the attention of the council of 
British Association has been directed to the advantages 
likely to accrue from the organised study of the meteor- 
ological problems affecting various groups of Britis! 
dominions. 

It has been further pointed out that such organised 
study can be most effectively secured by the establishment 
of a central institution devoted to these objects. Sucl 
an institution ought to be in close connection with 
Meteorological Office, which itself in regular cor 
spondence with the meteorological organisations of foreig 
countries as well as those of the self-governing colonies 
The meteorology of the ocean has been an essential } 
of the work of the office from its establishment in 
and oceanic data must necessarily appealed to for 
effective study of the meteorology of the neighbou 
land areas. 

By way of summary, the objects of the suggested insti- 
tution may be briefly stated to be: 

(1) To give any information that may be required 
the Governments or other authorities of the British 
dominions to instruments and methods to be adopt 
for an effective system of meteorological observations. 

(2) To compile and publish periodical reports upon 
climatic conditions of the various parts of the Empire uy 
a comparable plan. To form an accessible depository ¢ 
information upon matters concerning the climates of thi 
whole Empire, and to afford information upon those 
jects to inquirers. ; 

(3) To provide a scientific staff for the study of 
general meteorological conditions which affect the weat! 
in the various British dominions, and in particular 
promote the formulation of meteorological laws, and 
apply them to explain and ultimately to anticipate 
occurrences of abnormal seasons. 
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A copy of this memorandum was forwarded to 
Colonial Office, with a covering letter suggesting 
the question might be moved by a deputation to 
Secretary of State. In reply, Mr. Lyttelton said that 
whilst sympathising with the object which the council 
had in view, he did not think that there would 
any advantage in receiving a deputation until he 
in possession of further information on the subject 
In satisfaction of this request, the committee dra‘ted 


as 





AuGusT 24, 1905]! NATURE 405 





other memorandum dealing mainly with the object 

mbered 3 in the foregoing summary, because the 
services indicated under numbers 1 and 2 would be 

luded incidentally in the development of number 3. 
his memorandum is as follows: 


fhe idea underlying the proposal is to deal with the 
eral meteorological conditions of wider areas than those 
h which the various meteorological offices of the world 
hitherto been regarded as being primarily concerned. 
British Meteorological Office does indeed concern itself 
1 the meteorology of the oceans from the point of view 
hipping. In effect, the proposal is to utilise further the 
rmation already obtained at sea in conjunction with 
d observations for the investigation of the meteorology 
large ocean areas in relation to that of the adjacent 
| areas, and from the point of view of the land 
vulation. 
it is known, for example, that the meteorological con- 
ons of India, Australia, South Africa, East Africa, and 
pt stand in close relation to those of the Indian Ocean, 
the study of these relations promises very important 
Its in connection with the prediction of the seasons. 
s investigation requires that the information shall be 
ted in a manner different from that now followed for 
more immediate purpose of its application to the 
rests of shipping. 
he meteorological phenomena which are regarded as 
anding careful study, in the first instance, are the 
wing : 
he conditions of favourable and unfavourable seasons 
India. 
he droughts of Australia and South Africa. 
lhe conditions of favourable and unfavourable Nile 
With those would be associated the relation of the 
ither of the Mediterranean to the Indian cold weather 
nalies, and the relation of the South Indian anti- 
one to the Antarctic ice. 
The larger part of the necessary land data for the 
investigation of these particular questions can probably be 
ind in the publications of the meteorological organ- 
isations of India, Australia, South and East Africa, Egypt, 
Mauritius, Hong Kong, Singapore, or can be furnished 
directly by those organisations. They should be supple- 
nted by ebservations contributed by certain foreign 
ernments. The marine data would have to be com- 
from the documents collected from ships by the 
teorological departments of this country and India. The 
further developme nt of the collection of observations—more 
ally of marine data—might be necessary, in order to 
plete the investigation. 
he use of the data would be, in the first instance, to 
in a survey of the sequence of the more general weather 
ges over the whole region under consideration. The 
step in the operations therefore would be to consider 
nature and extent of the data available for the purposes 
iew, and the form in which they should be compiled 
study or for publication. 
\ corresponding inquiry for the Atlantic Ocean and the 
tries bordering upon it is equally desirable, and should 
nducted concurrently in the interests of the British 
and the American and West Indian colonies. 
order to carry out the proposal, something more than 
would be generally understood by ‘‘a moderate 
lition to the staff of the Meteorological Office ’’ is 
ired. The proposal involves a scientific investigation 
very important character which could not be regarded 
erely an incidental addition to the usual operations 
office. A man of suitable scientific attainments 
| be responsible for conducting it in consultation with, 
under the general supervision of, the director of the 
Met ‘ological Office. It is desirable to mark the nature 
of the qualifications expected in the person to whom the 
work is entrusted by giving him the title of assistant 
director, and providing a salary of from 4ool. to 6ool. a 
It should be remembered also that the Meteor- 
1 Office could not find accommodation for the pro- 
posed additional staff without some addition to the space 
at present available. 
It is estimated that the annual cost of the work would 
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be 2000l., rising in five years to 2500l., made up as 
follows : 

; Aa 

Salaries: Assistant Director ‘ais . 450 to 550 

Scientific assistant, computers 

and clerical staff ... «+ 1,050 to 1,300 

Publications, printing and stationery ... 300 to 500 

Incidental Expenses, office rent, &c. ... 200 to 150 


Ihe estimate is based on the supposition that the Meteor- 
ological Committee would be willing to undertake the 
general control of the department as a branch of the 
Meteorological Office. 

It may be mentioned that the Government grant to the 
Meteorological Office at present stands at 15,300]. The 
cost of the marine department, as shown in the report of 
the Meteorological Council for 1903-4, is 13661., exclusive 


f 


of office expenses, publications, &c. 


The council, in approving this memorandum, has 
caused it to be conveyed under a covering letter to 
the Secretary of State for the Colonies. 


SECTION C 
GEOLOGY. 


OPENING AppRESS BY Pror. H. A. Miers, M.A., D.Sc., 
F.R.S., PRESIDENT OF THE SECTION 


Ix opening the proceedings of Section C in its first visit 
to South Africa, and speaking first on behalf of those 
who are visitors, | think I may justly claim that to no 
Section of the British Association can this visit be more 
interesting or even more exciting than to us; we enter for 
the first time a country the geologi al features and history 
of which, and the mineral productions of which, have long 
aroused the keenest interest among European geologists 
and mineralogists. 

We have followed the discoveries and discussions of 
South African writers; we have read your views and have 
become familiar with your terminology; we have heard 
the reports of those who have visited the country, either 
as travellers or with the special object of investigating 
its geological problems or mineral resources; and, indeed, 
ever since the Geological Society of London received the 
historic papers of Andrew Geddes Bain, the father of 
South African geology, many of the memoirs of your own 
geologists have been communicated to European societies 
and journals; we have looked from afar with vearning 
eyes upon this alluring country; and at length we have 
found ourselves upon its shores. 

lt has not been given to many of us to see those great 
picneers of South African geology whose work was done 
in the days before amateurs and experts could come out 
for a few weeks or months to take a hurried survey of the 
country ; but their enduring labours, which have laid the 
foundation of all subsequent work, are well known to us, 
and it is not necessary for me to do more than mention 
the familiar names of Bain, Wyley, Stow, Atherstone, 
Sutherland, and Dunn. Of these only the last named 
survives ; but when one remembers that his maps of North 
Cape Colony and of Orange River Colony have served as 
the basis of the maps now in use, one is reminded how 
recent is the whole history of South African geology, and 
how much was achieved in so short a time by these early 
workers. 

It is exactly one hundred years sincé John Barrow wrote 
the concluding words of his ‘*‘ Travels in South Africa ”’ 
which first directed attention to the geology of this 
country; it is only fifty years since Bain sent home the 
manuscript of the classic papers to which I have already 
alluded. 

Since their days many have been the scientific visitors 
to the country who have remained here for longer or 
shorter periods, whose works have made us familiar with 
its problems and have contributed to their solution; the 
names of Cohen, Draper, Exton, Gibson, Green, Gries- 
bach, Passarge, Rubidge, Sawyer, Schenck, and Seeley 
recall some of the most substantial scientific work which 
has been done either by visitors or residents. Several 
others who, without visiting the country, have by their 
researches in Europe helped to unravel the problem of 
South African stratigraphy were enumerated by Dr. 
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Corstorphine in his interesting and exhaustive Presidential 
Address iast year. 

If we must regret that we never had the opportunity 
of seeing the great pioneers and the earlier workers, we 
may rejoice that we have been able to meet those who are 
now actively engaged in continuing their labours; the 
period of cursory visits and fragmentary essays is closing 
and the era of deliberate and systematic surveys is 
beginning ; we now look for authoritative information to 
the Cape Survey inaugurated by Dr. Corstorphine in 1895 
and so ably continued by his successor Mr. Rogers; to 
the Transvaal Survey begun by Dr. Molengraaff in 1897 
and auspiciously revived under Mr. Kynaston; and to the 
Natal Survey which Mr. Anderson successfully 
directed since 1901. I hope that it will not be long before 
there is no part of South Africa outside the direct super- 
vision of a systematic and well-ordered survey. 

There is perhaps some danger lest in a developing 
country, where the commercial possibilities are prominently 
before all eyes, the immense importance of such surveys 
should be overlooked, and lest it should be thought that 
what appears to be purely scientific research may be left 
to take itself until the mineral wealth of the 
country has been explored. I cannot enter too emphati 
a protest against such a view ; how closely the two interests 
are knit together must be apparent to anyone who reflects 
that the nature and sequence of the more northerly form- 
ations which have _ yielded diamonds, gold, and 
metalliferous deposits can only be studied in the light of 
the more intelligible geology of Cape Colony and Natal. 
It is, moreover, immensely to the advantage of South 
Africa that you have intimately connected with the mining 
industry geologists of such training as Doctors Corstor- 
phine, Molengraaff, and Hatch, who have all gained 
valuable experience upon geological surveys. 

I may now, perhaps, cease to speak merely as a 
presentative of the visitors and identify myself more closely 
with the Section as a whole; for the most gratifying 
feature of this meeting is that it is not merely a visit of 
strangers who are enjoying vour hospitality, but that with 
Section C of the British Association is fused Section B 
of the South African Association, so that for the time 
being we are all colleagues ; and even such vexed questions 
as the correlation of the rocks of the Transvaal or of 
Rhodesia with those of the Cape, or the origin of Ban‘set, 
or of Blue Ground, or the extension of the Main Reef 
Series (perhaps it is no longer necessary to include the 
problem of the Dwyka conglomerate) can be discussed ty 
us on the spot as members of the same body inspired by 
the same earnest desire for truth. 

I began these preliminary remarks by that I 
might be regarded as the spokesman of the visitors, and 
therefore represented myself as a geologist visiting the 
country for the first time. I must, however, make a frank 
confession. Not only is this my second visit to the country, 
but 1 have not even any claim to be called a geologist. 
My training and experience have been such that upon 
many of the questions which must be most interesting 
to this Section I am not competent to form an opinion or 
to appreciate properly the evidence. I must, therefore, 
crave your indulgence if in this Address I refrain from 
discussing any of the problems of surpassing interest which 
naturally engage the attention of those who are occupied 
with the study of South African geology. It would indeed 
be an impertinence*for me to do so. 

I venture, however, to hope that the frontier between 
geology and mineralogy is so ill-defined—if indeed a scien- 
tific frontier can be said to exist—that the thoughts and 
occupations of one who has confined himself to the stu:ly 
of minerals, and that rather in the laboratory than in 
the field, are not alien to the interests of Section C. 
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Experimental Geology. 

A somewhat lamentable aspect of modern science is the 
vast array of unorganised facts which are awaiting co- 
ordination; this is too often because they have teen 
amassed without any definite idea of the purpose which 
they may serve ; consequently it may happen that laborious 
observations belonging to one science may fail to attract 
the regard of a neighbouring science merely for want of 
the mutual acquaintance which would make them service- 
able to each other; and in these days of exclusive special- 
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isation the introduction which might lead to a_ hap»y 
union is, perhaps, not brought about for years. No 
can be more fully alive to the importance of such 
alliance than those whose work lies on the borderla 
between different sciences; the mineralogist, for exam, 
is in contact on the one side with the experimental sciences 
of chemistry and physics, and on the other with geolo; 
which has scarcely yet entered the experimental 
He cannot fail to be impressed by the need of the app: 
to experiment on the geological side of the border, 

it is perhaps his duty to supply the want so far as lies 
in his power. 

Owing to this very need the diffic 
problems in geology are those concerned with the ori 
of minerals and of the rocks which they compose. (¢ 
need but recall the many theories which have been h 
about the origin of mineral deposits, the filling of me 
liferous veins, the local concentration of certain minerals 
the distribution of various rock types, the existence 
rock magmas of diverse compositions, and the differe 
ation of- their constituents. Could the importance 
difficulty of such problems be better illustrated than 
South Africa, and by its two most valuable minerals, ¢ 
and diamond ? 

Now all these are problems in which direct appeal may 
made to laboratory experiments ; {| 
well-defined minerals of which the earth’s crust consists 
do not, after all, number much more than 800, and ¢ 
these many have already been manufactured in the labor- 
atory. Speculation upon the origin of rocks and minerals 
should surely be controlled by the results of experiments 
and equally should experiment which is to be of service 
to geology be guided by a knowledge of the problems | 
which it is to be applied. It will be my object in 
present Address to illustrate these principles by examples 
drawn from recent experimental work which can be applie« 
to geological problems, and to indicate the course whicl 
such research is likely to pursue in the immediate future 

It seems to be sometimes expected of a Presidential 
Address that it should contain a summary of the progress 
of a science during past years, and this is no doubt ver) 
useful and instructive; but if we are to go forward in our 
scientific work we must not be satisfied with the patient 
accumulation of details, or content to congratulate our- 
selves upon the number of them which have been amassed 
I venture to think that it is more profitable to take our 
stand upon the actual work of to-day, and from tha 
tower of observation to look forward to the future rather 
than backwards to the past; to exclaim with the poet 

** No, at noonday in the bustle of man’s work-time 
Greet the unseen with a cheer ! 
Bid him forward.” 
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It would be interesting enough to trace the his 
of the artificial reproduction of minerals, beginning 
the famous experiment of James Hall; to follow the 
that led to the development of the French School du 
the last half of the nineteenth century; to dwell on tl 
researches of Senarmont, Ebelmen, Daubrée, and Sainte- 
Claire Deville; to show how the increasing study of petro- 
graphy and the invention of the electric furnace have le 
to renewed activity in the attempts to reproduce igneot 
rocks and the rock-forming minerals; to discuss thé ore 
modern experiments of Fouqué and Lévy, Lagori 
Loevinson-Lessing, and Morozewiez; or to describe th 
manufacture of many an interesting mineral by de Schul 
and others who are actively prosecuting research ¢ 
nature, including such achievements a 
production of the ruby by Frémy and of the diamo: 
Moissan. 

Instead, however, of attempting a survey of al 
has been done, or even of all that is being done i 
artificial reproduction of minerals, let me adhere 
principle that I have laid down, and discuss only 
of those researches, now being carried on, which pr 
to be most fruitful because their methods and aim 
inspired by the discoveries and views of modern ch« 
and modern physics. 

Van ’t Hoff’s Work on the Salt Deposits. 

Among such researches the most remarkable are 
conducted by Prof. van ’t Hoff and his pupils duri: 
last eight years upon the Stassfurt salt deposits. 
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extent, more than feet 
well-defined layers of various 
sodium, magnesium, and 
double salts and hydrates. It has 
been supposed that the minerals have been derived 
the evaporation of sea-water which contains in solu- 
) the chlorides of sodium, magnesium, and potassium, 
h sulphate of magnesium and small quantities of 
ium salts; and the general sequence of the minerals 
that of their solubility ; the less soluble sodium chloride 
stallised out first and is at the bottom, while the 
ible magnesium chlorides, having been the last 
stallise, occupy the top of the series. But the problem 
vy no means so simple as to be of solubility 
water; the rock salt itself persists through the whol 
es, and some of the associations are difficult to explain. 
\s is well known, the modern theories of solution mainly 
upon the behaviour of dilute solutions from 
principles of electrolytic dissociation have 
ed; but in the of the concentrated solutions 
ch dissolved substances actually crystallise, very 
really known about the liquid itself. A great deal 
wn, however, about its equilibrium with the solids 
separate from it, and the general laws of this equi- 
um expressed by the phase-rule deduced from 
hematical considerations by Willard Gibbs, which 
tes how many separable constituents can 
‘ist under varying conditions of equilibrium in a system 
taining a definite number of chemical components. 
\ sclution saturated with a given substance is one which 
n equilibrium with that substance when the latter 
contact with it in the solid form; the phase-rule in- 
the number of which must be in contact 
a given solution; the only difficulty in practice is to 
ermine the nature of the double salts or distinct hydrates 
may be formed. : 
means 
of these 
another, in 
saturated 
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solu- 
of 


experiments upon the 
singly or in the presence 
determine the composition of 
simultaneously with two more sub- 
, it is possible to obtain a graphic representation 
all possible solutions containing the salts present in 
From this the course of crystallisation of any 
solution, for example ’ can 


order 
tions or 


i-water. 
ticular sea-water, be pre- 
general sequence 
(1) Rock salt; (2) Rock salt with the magnesium 
epsomite ; (3) Rock salt with the double sulphate 
tassium and magnesium, leonite ; (4) Rock salt with 
ite and the potassium chloride, kainite ; (5) Rock salt, 
nagnesium sulphate kieserite, and the double chloride 
tassium and magnesium, carnallite; (6) 
rite, carnallite, and the magnesium chloride, 
offite. This combination will persist until all 
is evaporated. This is found to be the general 
not only of the salts obtained on evaporating 
at 25°, but also of the Stassfurt deposits. 
to this point the results have been summarised by 
. F. Armstrong in a report presented to the British 
ation in 1901. Since that date the research has been 
uted actively by van ‘t Hoff and his pupils, and now 
mnditions of equilibrium at 25° have been mapped out, 
nly for the above compounds, but also for the minerals 
rdite, glaserite, astrakanite, and reichardtite, which 
in these The whole of crystal- 
mn of the solution, from which no fewer than twelve 
nt salts have separated, can, therefore, be predicted, 
‘ir sequence and associations can be traced through 
rous stages, beginning with the separation of rock 
nd ending with a mixture of rock salt, kieserite, 
lite, and bischoffite. 
reconstructing the history of these deposits account 
also be taken of the varying vapour pressures of the 
ns which are saturated with the different com- 
as this really determines which particular com- 
s are stable, so that the matter is by no means so 
might appear from this brief sketch. It 
necessary, in order to bring the process within 
calculation, to assume that each deposit is re- 
rom contact with the mother liquor after it has 
ised out; but fortunately this is practically what 
pened in the Stassfurt deposits, for each layer is 
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more or less separated from the succeeding 
intervening layer of clayey material. 

It may be possible even to go a stage further and obtain 
a clue to the actual temperatures that prevailed, for two 
minerals, langbeinite and léweite, are absent the 
theoretical model made by van ‘t Hoff to represent what 
must happen during evaporation at 25°; and this indicates 
that while the deposits crystallised the temperature really 

higher than 25°, probably as high as 43°; in fact, 
after the conditions of equilibrium have been worked out, 
the appearance disappear of minerals 
be used as a sort of geological thermometer, capable of 
indicating the limits within which the 
have varied. 

The whole investigation is a splendid example of experi- 
mental devoted to a particular problem and 
directed a well-established theory; the chemist in his 
laboratory has now succeeded in tracing the changes that 
took place ages ago in the bed of a land-locked sea as it 
laid down contents and finally became a dry basin, 
although he is not able to reproduce the original conditions 
or to work for the long periods which Nature had at her 
Without the logical consideration of the 
ditions necessary for equilibrium, countless experiments 
might be made upon these salts, and an immense amount 
of spec ulation might have been devoted to their possibl 
in the liquid state, about which we know so 
instead of to their equilibrium when solidifying, 
which we know so much 

Some Petrographical Problems. 

The other geological problems which I have mentioned 
have also been beyond the reach of actual experiment, for 
it is hopeless to attain the immense pressures and high 
the enormous time that have 
required for the growth of natural minerals in rocks and 
when difficulties are encountered there 
‘explain ’’ them (if the word may be 
reference to the mysterious effect of conditions 
be brought directly within the reach 
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I cannot help thinking that this has to 
occurred in the discussion of the petrographical problems 
which I propose to consider next. There two 
liquid reservoirs from which minerals have crystallised 
the with its dissolved salts, and the subterranean 
baths molten silicates, from which the igneous 
have derived. It true that in the sea two 
constituents water and sodium chloride, largely 
dominated the others; but, after all, both 
lava are liquids subject to the same physical and chemical 
laws. 

An admirable summary of the evolution of petrographical 
in the Presidential Address to the 
logical Society of London in 1901 by Dr. Teall, who dealt 
both with the consolidation of rocks from molten magmas 
and their differentiation into species. It not, therefore, 
for me to consider anything recent work 
which has been done during the last four and the 
earlier controversies may be left out of account. 

Among the many problems relating to the and 
chemical constitution of rocks which have yet to be solved, 
two, and those perhaps the most important, should lend 
themselves most readily to experimental treatment. The 
first the problem of rock differentiation: why does a 
magma, even one which has presumably crystallised in situ 
separate itself into zones, or layers, different 
constitution? And the is the problem of mineral 
differentiation: why does a granite magma, for example, 
crystallise as a mixture of the particular minerals mica, 
felspar, and quartz, and why the least fusible mineral 
the last crystallise ? 

It will scarcely be possible for me to deal in this Address 
with more than the second of the two problems, but it 
will be apparent from the somewhat parallel case of the 
salt deposits that the mere order and manner of crystal- 
lisation of a mass of molten silicates must be a sufficiently 
complex problem to exhaust our attention for the present. 
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Magmatic Differentiation. 
If we are to consider only recent experiments which 
have a bearing upon the problems of rock magmas, it i 
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not necessary to say much about the first great petro- 
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graphical problem, that of the differentiation of magmas 
into various rock types; for in this connection very few 
experiments have been made, and practically none of recent 
date. Observations of the facts as they present themselves 
in the field accumulate every day; almost every important 
petrographical region is being studied with the particular 
object of determining the mutual relations of its rock 
and the factors which have contributed to their 
differentiation. They have been ably discussed by Becke, 
Brégger, Becker, Cole, Harker, Iddings, Judd, Lacroix, 
Lévy, Pirsson, Rosenbusch, Teall, Washington, Zirkel, 
and many others; appeal has been made to the action of 
gravity, of temperature differences, of diffusion, of electric 
currents, of fractional crystallisation, of re-fusion, of 
chemically combined water, of absorption of the country 
rock; but with the exception of a single case, observed 
in the glassworks of Targowek, in which the top of a 
molten found to contain lime and more 
silica than the bottom, and some observations by Doelter 
upon there is scarcely a single experiment 
upon silicates which really bears directly on the question. 
That artificial glasses are far from homogeneous is known to 
glass-workers and to makers of lenses, but there is nothing 
comparable with the splitting of a magma into two or 
three distinct liquids which solidify as different rocks. 

It is in the case of laccolites that the problem ought to 
present itself in the simplest form, for we may regard 
them as basins of igneous rock which have been practically 
imprisoned within solid walls and have crystallised in situ. 
here can, I think, be no doubt that differentiation has 
generally taken place even in such basins, that the margins 
have often a different mineralogical and chemical consti 
tion from the more central portion, and that the differences 
are greater than can be accounted for by solution of the 
enclosing rock, and often of a chemical which 
cannot 
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The various theories that have been propounded fall 
into two distinct those which seek the cause in 
the separation of solid material from the liquid, so that 
when the latter subsequently crystallised it constituted a 
different rock from the former; and those which 
assume that different liquids have separated each 
other and then solidified as different rocks. 

The first conception satisfactorily explains the 
in which the least soluble minerals are concentrated at the 
bottom or margin of an igneous mass, for they naturally 
crystallise first where the mass is coolest, or where contact 
with other crystals may have occurred; or even if they 
have been precipitated as a cloud throughout the magma 
they must be carried about by convection currents and 
ultimately sink together unless the magma be very viscous. 
Most geologists will probably agree with the conclusions 
of Vogt that the most important deposits of 
metals, metallic oxides, and sulphides have been produced 
by magmatic differentiation from deep-seated magmas 
which now constitute rocks associated with them. 
But this does not explain how the mass which has crystal- 
lised out may be not a mineral but a rock. , 

The actual observations on crystallising solutions do not 
amount to much; it is quite clear from laboratory experi- 
ments that crystals do grow convection 
currents, which produce a flow of stronger solution towards 
the crystal and of weaker and warmer solution upwards 
and away from the crystal. The currents 
can easily be seen in any ordinary aqueous solution as 
streaks in the liquid. Again, that there might be a slight 
difference in the concentration of the upper and lower, 
or of the warmer and cooler parts of a solution has also 
been shown. That a very considerable difference in 
centration can be produced by centrifugal action was 
proved only last year by the experiments of Calcar and 
de Bruyn, in which solutions contained in rapidly rotating 
vessels became more concentrated in the portions furthest 
from the axis of rotation. 

Schweig has recently suggested that the crystals which 
fall to the bottom of a rock-magma may be unstable com- 
pounds, which re-dissolve when the pressure is relieved, 
and so give rise to an underlying magma of different 
chemical constitution. 

Harker, also, some time ago, suggested the existence 
of horizontal layers of different liquid magmas above each 
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other, thus attempting to explain the presence of quart 
in basic rocks as due to the crystals which had sunk 
into the basic magma from a acid magma floatin 
upon it. 

The second theory, that of liquid differentiation, regar 
such layers as actually produced by the spontaneou: 
division of a magma into two liquids of different com- 
position, and if it be tenable seems more capable of « 
plaining the geological facts. 

The experiments bearing on the subject are well know 
and have been quoted by Backstrom and Teall; mixtur 
of phenol and water, or of aniline and water, which for 
a homogeneous solution above a certain temperature, m: 
below that temperature (which is a sort of critical poi 
of the solution) divide into two solutions, one consisting 
of phenol in excess of water, the other of water in exce 
of phenol; and these two solutions are not miscible, | 
separate into two distinct lavers. 

Many pairs of substances have now been found to exhil 
this incomplete miscibility, which varies with the temper 
ture and may at certain temperatures become complet: 
among them are some of the metals such as zinc, lea 
bismuth, and silver. 

If rock-magmas can really behave in this way, there 
no difficulty in explaining their differentiation; but « 
periments upon fused silicates have not disclosed anythi 
of the sort, though they are made far below the criti 
temperature. 

The case of nicotine and water, which has recently be 
described by Hudson, is remarkable and suggestive : abo. 
a temperature of 205° a mixture in equal proportions 
a clear liquid; at 205° it divides into a saturated soluti 
of nicotine in water floating on a saturated solution 
water in nicotine; at 90° these two layers change place 
at 64° they mix again and the liquid becomes once mor 
homogeneous. 

It is, of course, possible that fused silicates at exper 
mental temperatures correspond to nicotine and w: 
below 64°, and that rock-magmas correspond to the sar 
mixture at higher temperatures. 

In discussing the reasons why in laccolites of the Squ 
Butte type the margin should be more basic, and in la 
lites of the Magnet Cove type more acid than the cent: 
Washington regards the magma as a mutual 
an alumo-alkaline substance with a ferro-magnesian s 
stance; whichever of these is in may be regar 
as solvent, and crvstallises first, for example, either t! 
svenite or the shonkinite. In a_ laccolite where 
differentiation has taken place, as in the Henry Mount 
type, he supposes the mixture to be eutectic or such 
they crvystallise together. Pirsson, in a paper 
published upon the ‘‘ Highwood Mountain Laccolites 
Montana,”’ while attributing a greater part in the proc 
to the action of convection currents, also regards the fert 
magnesian minerals, taken together, as constituting 
solvent and crystallising first as shonkinite. 

In fact, stated quite baldly, these latest views tend 
a compromise between the two theories which I have 
mentioned. They regard the splitting of the magma 
produced by a fractional crystallisation, only now the 1 
which crystallises is not a mineral but a rock; in ¢ 
words, they assume that rocks may be dissolved in 
other, and may crystallise from each other as though 
were minerals. 

In this matter of magmatic differentiation, then, t! 
‘has been during the last few years a large accumul 
of geological evidence, a little new speculation, but | 
tically no new experimental work, and_ scarcely 
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Mineral Differentiation and Eutectics. 


Let us pass to the second petrographical problem, 
of mineral differentiation, the nature and order of 
minerals which crystallise when a cooling magma bec: 
a solid rock mass. 

It has been laid down by Rosenbusch, and is accé 
as a general rule (in spite of many exceptions), that 
order in which the various minerals crystallise is or 
increasing acidity, ores and oxides and so-called access 
minerals first, then those minerals which are comparati' 
poor in silica, then those which are richer, and finall) 


slow] 
Super 
or be 
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the silica itself. It has also been 
pposed that the orde: may be one of the fusibility of the 
rious minerals under the conditions of their formation ; 
least fusible mincrals being the earliest to crystallise, 
| the most fusible the latest. Interesting speculations 
werning the melting point of quartz at high pressures, 
consequent crystallisation, have, for 
been published recently by Stromeyer 


be present in exces 


d its order of 


imple, and 
nningham. 
It is not however, to regard the molten 
gma as a mere mixture of fused minerals which solidify 
re or less independently and consecutively; it is mor 
sonable to regard the whole magma as a solution in 
ich the various minerals are dissolved, and from which 
y crystallise as it cools. Now the temperature at which 
substance separates from solution is generally far below 
melting point, and the order in which the constituents 
i mixed solution will crystallise is the order of their 
ubility in it, and bears no direct relation to their fusi- 
ty or to their chemical composition. 
Teall in after discussing the controversies 
evidence on which they are based, came to the 
sion that rock-magmas are solutions, and that the 
r in which the minerals consolidate depends upon the 
ure of the constituents and their properties, and is not 
any means the order of their freezing points. As to 
particular minerals which crystallise, he thought that 
molecular grouping in the magma is determined by 
ss action and by the mutual affinities of the the 
a, and the alumina. Concerning future research he 
ventured to predict that the next advances were to be 
made by experiment controlled by the modern theory of 


necessary, 


and 


con- 


1901, 


bases, 


lutions. 

Thirteen earlier 
valuable suggestion based 
hydrates. When a 


Teall had himself contributed a 
upon Guthrie’s work on 
mixture of nitrate of lead and nitre is 
and allowed to cool, the constituent which is in 
excess will crystallise out as from a solvent until the pro- 
portions left in the liquid state are 47 of lead-nitrate to 
33 of nitre, and this mixture will then solidify at 207°, not 
as a uniform compound, but as an intimate mixture of the 
salts, the eutectic, which crystallises at the lowest 
possible temperature, and is the only mixture which has 
exactly the same composition as the liquid from which it 
Teall made the illuminating suggestion that 
cropegmatite is an eutectic consisting of quartz and 
felspar, and represents in certain rocks the final mother- 
quor from which the other minerals have crystallised out. 
Eutectics in metallic alloys have been much studied during 
nt years: in the Address of Teall was able to 
strengthen his case by showing that spherulitic and micro- 
pegmatitic structures found in obsidian and other acid 
are paralleled by similar structures developed in 
alloys, according as they have been rapidly or 
cooled. 
In the following year appeared a theoretical paper by 
Meverhoffer concerning the ideal case of a molten mixture 
f © substances, a and b, which do not suffer double 
decomposition, nor form a double salt, nor an isomorphous 


vears 
crvo- 


fused 


lidifies. 
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rocks 
eutectic 


slow! 


with 
the magma as 
the magma which is in 


diagram be constructed, 
and composition of 
by a curve the nature of 
librium with either solid a or solid b. The curve has 
rm of a V; one arm represents the temperature and 
ution of the liquid which can be in equilibrium 
and the other that of the liquid which can be in 
rium with b; and the lowest point corresponds to 
itectic, which is in contact with both. 
a point above the curve represent the temperature 
and constitution of the liquid magma containing excess of 
; as the magma cools this point descends to the b branch 
and travels along it while b is crystallising out, until the 
eutectic point is reached, when a and b both crystallise 
together at a temperature below the melting point of 
either. The order of crystallisation is therefore determined 
solely by the composition of the magna as compared with 
the eutectic. If, however, the liquid be cooled 
crystallisation may be postponed until it has become 
Supersaturated with regard to one constituent or the other, 
or both; a state of affairs represented by a prolongation 
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of the arms of the V_ below its lowest and then 


the order of the crystallisation may be 
In a rock-magma there are of 


point, 
inverted. 
many other 
taken into account as determining the order in which 
the minerals for example, the formation of both 
double salts and isomorphous mixtures, the possible pro- 
which may be« 


converted into stable compounds or may be re-di d 


course lactors 
to be 
separate ; 
duction of unstable solid compounds ome 
soon 
after they have come into existence; and also the relative 


crystallisation, 


changes of temperature 
pressure, action of steam, &c.; but the principle laid down 
by Meyerhoffer must be that which 

It might be objected that on this hypothesis the 
solidation of every rock-mass ought to 
eutectic mixture, this 
the case; in fact, it is only 
structures much resembling the eutectic 
to be found. On the other hand, if the 
the magma becomes supersaturated 


velocities of and 


controls the process. 

con- 
with an 
appears by no means 
that 
mixtures of alloys 
conditions of 


terminate 
whereas 
among some acid rocks 
are 
cooling are such that 
with one mineral after another, it will overshoot the eutectic 
each crystallises, and the final con- 
solidation may be a_ well-marked instead of a 
simultaneous crystallisation. 

The controversies which have raged concerning the classi- 
and their nomenclaturé 
little to the 
are, I think, two more profitable lines of research 
should accompany each other. \\ take the 
find them and endeavour to explain them by 
laws of 


before . 


composition 


sequence 


fication of rocks appear to me to 


contribute real advancement of knowledge. 
Ther 
which may 
lacts as we 
the known solutions aided by the phase-rule, pro- 
vided that we have good reason to believe that rock-magmas 
behave like solutions, and we may make experiments upon 
fused and how far they re- 
natural rocks in their and their mineral 
Some of the workers in this field have 
regard rock-magmas as undoubtedly 
solutions ; others hesitate to seek an explanation 
features in the laws which govern the solutions 
the laboratory. The two views are represented 
persons of the two men whose 
identified with recent experiments, 


Christiania and Doelter of Graz 


and silicates ascertain 


ag 


semble behaviour 
constitution. been 
led to 

ordinary 
for their 
studied in 
in the 
closely 


similar to 


names are most 


Vogt of 


Doelter’s Work on Melting Points and Solubilities 


The labours of Doelter and his pupils have been largely 
devoted to the melting points of the rock-forming minerals 
and their solubility in silicate magmas. From experiments 
upon these minerals and their mixtures they have 
to the conclusion that in many cases the melting point of 
the mixture is about the mean of the melting points of 
the constituents, and that in such cases, therefore, there 
is no evidence that the freezing point is lowered, or that 
an eutectic mixture is formed; so that it is not safe to 
apply the theory of cryo-hydrates to 
silicates. 

Doelter is therefore led to regard 
rather as mixtures of various constituents 
dissolved in each other, but which are 
identical with the minerals 
cooling. The whole process seems to 
complicated to be explained by any 
as the mere relative proportions of the various constituents 
to each other and to their eutectic mixture; the 
crystallisation must be determined by a number of fa 
such as temperature, velocity of crystallisation, the interval 
between the softening and fusing of each mineral 
he finds to be considerable), viscosity, capillarity 


water and mineralising agents, and th: 


come 


fused mixtures of 
the ilicate-m 
which n 
not by any 
which separate on 
him to be far 
such simple principle 


agmas 
av be 
means 
necessarily 


too 


ordet ot 
tors, 
(which 
the 


ab- 


presence of 


sorption of adjacent rocks. 
simple example : 


such as 
part 
hand, 


minerals 
the most 


To choose 
corundum, and 
because they are less soluble. On the other 
netite is one of the more soluble minerals, 
one of the first to separate; the same is to a certain extent 
true of augite, but not always. It is possible that in a 
magma which still contains the iron of the 
in solution plagioclase and augite may be comparatively 
soluble and magnetite comparatively insoluble, but that 
when magnetite has already crystallised out from the 
magma the plagioclase and augite may be comparatively 


zircon, 


titanite separate for early, 
mag- 


and vet it is 


magnetite 
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insoluble; the experiments which are wanted are experi- 
ments upon the solubility of certain minerals in magmas of 
known composition under known conditions; in these and 
similar instances the order of separation is that of the 
solubility, but such physical factors the velocity of 
crystallisation (which varies very considerably with the 
temperature), and the viscosity, may completely invert the 
order. 

Direct experiments made by Barus and Iddings upon the 
electric conductivity of silicate magmas afford evidence that 
such contain dissociated well undissociated 
molecules, so that they cannot be regarded as merely fused 
mixtures of certain minerals. If two or more rock-forming 
miherals be fused together it may happen that they form 
new compounds and crystallise out as different minerals, 
or if one or the other remains unchanged it may crystallise 
out in a different proportion. All this shows that double 
decomposition goes on in the liquid. We cannot therefore 
expect, without knowing the degree of dissociation, to 
make much use of the lowering of the freezing point in 
order to calculate the other factors in the process of rock- 
formation. 

Doelter concludes that upon the whole the normal order 
of crystallisation in rocks in the main that laid down 
by Rosenbusch long ago, namely, an order of increasing 
icidity, but that it is determined by the mutual affinities 
of the molecules in the magma, and by the relative power 


as 


magmas as as 


1s 


of crystallisation of the components into which they unite | 


themselves, 
already 
proc ess e 
Doelter 


melting 


and that the physical factors which I have 
enumerated play a very important part in the 
No one has endeavoured more systematically than 
to determine for the rock-forming minerals the 
points and the solubilities, without which it 
impossibie to make much progress in our reconstruction 
of the history of rocks. He has recently shown us how 
the microscope may be used in the study of fused silicates 
at high temperatures, and has so opened up a new field 
of research. 


is 


Vogt’s Applications of the Laws of Solutions. 


The work of Vogt has extended over many years, and is 
now summarised in two remarkable memoirs recently pub- 
lished by him, in which are expressed his mature opinions 
upon silicate magmas ; 


the reasoning is based upon his own 
experiments, upon those of Doelter, and upon the classic 
researches of Ebelmen. It is now generally conceded that 
the particular minerals produced in a silicate magma depend 
much more upon the chemical composition of the maga 
than upon temperature and pressure; Lagorio and Moroze- 
wicz were led to this conclusion by their own experiments 
upon fused silicates. Experiments upon slags at ordinary 
temperatures and pressures may, _ therefore, 
elucidate the formation of rocks. 

In 1902 Vogt stated his conviction that the laws of solu- 
tions may be applied to igneous rocks, and his two recent 
memoirs are, in fact, an attempt to explain the experiments 
upon slags and fused silicates as examples of the operation 
of these laws. 

All important, according to him, is the composition of 
the eutectic mixture ; he finds that if the analyses of silicate 
magmas be arranged according to their oxygen ratio or 
acidity, the various minerals of which they consist make 
their appearance within fairly well-defined limits. For ex- 
ample, in the case of the Ca-Mg-Fe-Mn slags, which contain 
little alumina, olivine and the melilite minerals only make 
their appearance in the more basic slags, and the meta- 
silicates in the more acid, the limit between the two corre- 
sponding to an acidity of about 1-6. 

The limit of individualisation between the various 
minerals is supposed to correspond to their eutectic mixture. 
Such slags may, therefore, be regarded as a mutual solution 
of two or more of the minerals olivine, enstatite, hyper- 
sthene, augite, the gehlenite-melilite group, akermanite, 
wollastonite, and the hexagonal metasilicate, which is so 
characteristic of the more acid The particular 
minerals which make their appearance are practically de- 
termined by the acidity of the magma and by the relative 
proportion of the bases present, particularly by the ratio of 
the calcium to the magnesium-iron-manganese group; in 
other words, Vogt asserts that a silicate magma is a mutual 
solution of the various crystalline compounds that actually 
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make their appearance as it solidifies, and that the ord: 
of crystallisation depends upon their proportion in tl 
magma as compared with their proportion in the eutectic. 
The old conception of a solvent and a solute ceases t 
have much meaning; the matter which of supren 
importance is the nature of the eutectic mixture when tl 
constituents are given; thus micropegmatite and micr 
felsite represent the eutectic of felspar and quartz, ai 
correspond to a mixture of about 74 parts of felspar 
26 of quartz, as indeed has been stated by Teall. 

Now, if we are justified in regarding rock-magmas a 
fused silicates as mutual solutions of certain definite co: 
pounds, and if these compounds are actual minerals 
other silicates which crystallise out of the magma when 
cools, we are also justified in making use of the propertics 
of these minerals when we apply to the magma the kno 
physico-chemical laws which govern solutions. 

The number and nature of the minerals which can be 
equilibrium with each other and the solution are to 
determined by experiments upon their solubility interpret 
by the phase-rule of Willard Gibbs, and especially by 
laws which Roozeboom and other physical chemists have 
deduced for components which form double salts or iso 
morphous mixtures. Knowing the components we oug 
therefore, to be able to determine their latent heat of fusix 
their specific heat, the lowering of the freezing point « 
their mixtures, and from these data to calculate the tru 
formulz of the rock-forming minerals. It will readily 
understood that in a mixture of quartz and orthoclase, 
lowering of the freezing point below that of either of 
constituents, as calculated by van ’t Hoff’s formula, f1 
their melting points, latent heats, and molecular weights 
will be very different according as the formula of quart 
is taken to be SiO, or Si,O,. 

Vogt boldly attacks the whole problem as one that can 
be solved on these lines; we have good reason to believ 
that the slags and rock-magmas are solutions; we knov 
their constituents ; we can therefore proceed to experimen 
with these constituents and to predict the behaviour of 
their mixture according to the principles of physical 
chemistry. The order of crystallisation is mainly deter- 
mined by the relative composition of the magma and thr 
eutectic, and the composition of the eutectic may be cal- 
culated from the intersection of the freezing-curves. 

One interesting result the conclusion that in the 
silicate magmas which have been the subject of experimen 
the minerals produced are all of very simple constitution 
that, for example, olivine, diopside, akermanite, melilite 
and anorthite have the simplest possible formulz corre- 
sponding to their analyses and are not polymerised 
Mineralogists will welcome this conclusion if it be true 
for it has occasionally been the fashion on_ theoretica 
grounds to attribute a high degree of polymerisatio: 
many minerals, and nothing is easier than to accoun 
many difficulties if one may multiply the formula 
mineral by any number that is required. It shoul 
added, however, that Doelter, calculating from his 
experiments, led to think that the min 
must have formule which are multiples of their empi 
formulz. 

Vogt even 
principles of 


1s 


Yn 


is 


is some of 


goes a step further in his application o 
modern chemistry. The order of crysta 
tion appears to be by no means always that of the 
bility, but indicates that mineral sometimes n 
‘soluble as might be supposed. Now another princip 
the modern physics of solutions is that by adding 
solution of one substance a new electrolyte containin 

ion common to both the solubility of the first i 
minished, and Vogt does not hesitate to apply this prin 
Thus spinel and felspar in mutual solution, when fe 
in should on cooling yield felspar 
But in many basic rocks spinel is the first to crysti 
this is, according to Vogt, due to the presence of 
magnesian silicates containing the Mg-ion which is 
present in spinel; if these be partially dissociated the 
bility of the aluminate will be lowered. 

An obvious criticism on this argument is that i 
dissociation is so slight that it may be ignored fot 
purpose, it is hardly fair to invoke its powerful ac 
for another, and it is possible that Vogt in his enthusiasm 
for a theory attempts to explain too much by its aid 
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is large excess, 


the 
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It is clear, however, that the labours of Vogt have been 
precisely in the direction indicated by Teall in the words 
that I have quoted, ‘‘ experiment controlled by the modern 

eory of solution’’; and if his opponents are tempted to 

nk that he may have carried the principle too far with 
sufficient data, they cannot but admire the brilliancy, the 

sistency, and the ingenuity with which he has applied 
newer theories of solution at every turn. 

Heycock and Neville’s Work on Alloys. 

must next refer briefly to another remarkable series of 
searches which have recently been published. 
The laws which govern the solutions of metals in 
tals, that is to say alloys, appear to be the same as 
se which prevail in the case of other solutions; it is 
alloys that the nature of eutectic mixtures has been most 
ly studied; and the phase-rule and Roozeboom’s deduc- 
ns from it have been applied with signal success to their 
vestigation. A new impulse has been given to the subject 
the work of Heycock and Neville which is summarised 
their Bakerian lecture delivered last year upon the 
yper-tin series of alloys. They have studied the changes 
ich occur during the cooling of an alloy by taking small 
‘ots of the cooling metal and chilling them at certain 
\peratures ; this arrests the gradual process of cooling 
causes all that is liquid at the moment of chilling to 
ome suddenly solid; it is then possible by polishing and 
hing the ingot to show the solid crystals set in the con- 
iled ground-mass and to study their nature. They have 
n able to interpret their results by means of Roozeboom’s 
remarkable work on the solidification of mixed crystals 
published in 1899. For our present purpose it is sufficient 

consider these results as applied only to alloys. If a 

gram be constructed with the temperatures for ordinates 

1 constitution for abscissz2, Roozeboom has shown that 

) curves may be drawn. The first is the freezing-point 

rve liquidus, giving the temperatures at which an 
lloy of any composition begins to solidify : this is a broken 

rve and each section of it represents the temperature of 
lilibrium between the liquid and a different solid alloy ; 
the breaks represent the temperatures and constitution of 
he liquid at which one solid ceases to be produced and 
another begins. The curve of far more com- 
plicated than the simple V of Meyerhoffer, since that re- 
presents the cooling of a mixture the constituents of which 
do not form compounds or isomorphous mixtures, whereas 
alloys do both. In this respect the alloys resemble a 

licate magma which is crystallising as a 

leed it will remembered that Mendeléeff 

general similarity of silicon compounds 

VS. 

rhe 


urve, 


. 


1s, 


course, 


the 


rock-mass : 


upon 
metallic 


be insists 


to 


second of 


curve 


Roozeboom is the melting-point 
solidus 


representing the temperatures at which 
alloy of given composition becomes completely solid. 
nts above the liquidus represent the condition of alloys 
h are completely liquid; points below the solidus that 
illoys which are completely solid; points between the 
that of cooling alloys which are only partially solid ; 
the curves themselves show which solid compounds can 
n equilibrium with the liquid and with each other at 
temperature. 

e cooling-curves of Roberts-Austen and Stansfield had 
n that considerable evolutions of heat may occur in 
ig alloys far below the temperature of solidification, 
iting that changes are going on in the solid as well as 
ie liquid condition. Heycock and Neville carry their 
‘tigations below the temperature of complete solidifica- 
ind study these changes also. 

the case of the copper-tin series of alloys they find 
according to the temperature and constitution of the 
crystals belonging to no less than six different types 
separate, namely : 


i solid solution of Cu with less than 9 per cent. of Sn. 
solid solution of Cu with less than 27 per cent. of Sn. 
which the constitution is not known. 
hich probably has the composition Cu,Sn. 
hich probably nas the composition Cu,Sn. 

which probably has the composition CuSn. 

8 and y are unstable at ordinary temperatures. The 
und 6 erystallises out of 8 or y while they are already 
solid state, when the temperature falls sufficiently. | 
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A glance through the 101 photographs of chilled and 
etched ingots which accompany Heycock and Neville’s paper 
on this series of alloys shows how impossible it would be 
from the final composition of the solid alloy to ascertain 
the various stages through which it has passed during 
cooling ; as the authors remark, it is of the nature of a 
palimpsest. For example, the alloy, containing 14 atoms 


of tin to 86 of copper, consists at 800° of a 





crystals in a 
ground-mass which probably contains 8; it solidifies at 
about 775°; at there are only B crystals; at 
there are a and B crystals, but here a has crystallised out 
B after it became solid; at 530° there is a much larger 
proportion of a; at 470° there are a crystals immersed in 
a mixture of a and 6 into which the residual 8 has broken 
up on cooling. 

If the of events is so complex in an alloy of 
only two metals, how much more difficult must it be to 
decipher in the case of a mass of complicated silicates which 
are even more prone to form isomorphous mixtures, 
as we have in a solid rock, not mention the 
presence of aluminates, oxides, and sulphides. And yet 
are accustomed to speculate freely about the 
crystallisation of rock constituents from the magma without 
taking account of anything save the final stage. 

I cannot help thinking that the experimental method 
Heycock and Neville will have to be applied to the 
study of slags and fused silicates if we are to trace success- 
fully the evolution The value of their 
work to geologists is not only that the results are skilfully 
interpreted by the light of modern physical chemistry, but 
primarily that it is experimental work upon actual crystal- 
lising materials. 

Supersaturated Solutions. 
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to additional 
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I do not myself see how we can do otherwise than apply 
to the study of rock-magmas all that can be learnt from 
physical chemists concerning the behaviour of solutions, 
for though we cannot attain in laboratory experiments the 
high temperatures and great pressures at which rocks may 
have crystallised, there is no reason to believe that these 
introduce more than a difference of degree. The principles 
of equilibrium between the various crystallising components 
probably remain the same, whatever may be the tempera- 
tures and pressures at which they have solidified. 

It must at the same time be confessed that the 
experiments upon which the modern theory solutions 
has been built up have been conducted upon dilute solutions, 
whereas the problems of crystalline growth are concerned, 
not with dilute nor even with saturated solutions, but only 
with solutions which are supersaturated. There is some 
force in the objection of Doelter that the results of such 
experiments may not be directly applicable to crystallising 


slags. 


most of 


t 
ot 


For example, doubt has 
whether the 


to crystallise 


as I have already mentioned, 
been expressed in the case of silicate magmas, 
substances in solution are the minerals about 
their constituents; whether viscosity and super- 
saturation may not invert the theoretical of their 
appearance ; whether we are to take into account possible 
of the not; whether the 
ion minerals is a factor 
mutual solubility. In fact, little is 
the actual condition of the materials in a 
strong solution, although I do not know that there is any 
evidence available which forbids us to regard a solution 
about to crystallise as a mixture of liquids one of which 
is about to pass into the solid state. 

But if little is known about the nature of 
supersaturated solutions, a good deal may be learnt about 
their Having complained that we need experi- 
ments in this field, I may perhaps be pardoned if I allude 
to some unpublished experiments of my own which relate 
to the general behaviour of crystallising liquids, and appear 
to me to explain two difficult problems in petrography. To 
such experiments the objection of Doelter does not apply. 

The Metastable and Labile 


When a solution of any salt such alum or sodium 
nitrate is allowed to crystallise at a uniform temperature 
the crystals will only grow so long as the solution is 
supersaturated; a crystal growing in the supersaturated 
solution will continue to do so until a condition of equi- 
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librium attained. If the solution be kept at rest and 
maintained at a constant temperature, the crystal will con- 
tinue to concentrate the liquid around itself and to with- 
draw solid material, until by diffusion of the impoverished 
liquid the whole mass is ultimately reduced to saturation, 
equilibrium is established, and the crystal ceases to grow ; 
but most saturated solutions are viscous that a very 
long time is required before this point is reached. Pro- 
longed and vigorous stirring is required if the supersatur- 
ation is to be completely relieved within, say, a day ; without 
stirring weeks may be required 

Further, it may be possible, as is well known, to keep a 
supersaturated solution in a sealed tube for years without 
change; and it is also possible to start crystallisation in 
such a liquid by dropping into it a crystal of the dis- 
solved substance, or of one isomorphous with it, or some- 
times by shaking it. 

But it , perhaps, not 
saturated solutions are of two sorts. 

In 1897 Ostwald published some experiments upon super- 
cooled liquids and supersaturated solutions, which were 
carried out with the object of showing how extraordinarily 
minute are the quantities of solid material capable of start- 
ing crystallisation in such liquids, but at the same time 
that they have a limit of size. He directed attention to the 
radical difference which probably exists between the state 
of saturated solution which cannot crystallise spon- 
taneously and that of the more strongly supersaturated 
solution which can do so. 

The former is one in which crystallisation can either take 
induced by stirring or 
this Ostwald calls the 
which crystallisation can 
dissolved substance, 


is 


sO 


generally known that super- 


is 
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or be 


of 


spontaneously can 
shaking, or a variety 
labile state. The latter is one in 
only take place if a solid crystal of the 
or a fragment of one, is brought into contact with the 
liquid: this he calls the metastable state. It is highly 
probable that no amount of stirring or shaking, or intro- 
substances, can make the metastable 


place 
causes : 


duction of foreign 
liquid crystallise. 

Until recently no attempt ascertain exact limit 
between the metastable and labile even to 
establish the existence of such a limit, had been successful, 
and practically no attention has been paid to the difference 
between them. Tamman, who measures the velocity of 
crystallisation by counting the number of the centres of 
growth or nuclei which appear in a supersaturated solution, 
does not recognise any distinction between the two states. 

During the present year a number of experiments carried 

on by Miss F. Isaac and myself upon the strength of solu- 
tions from which crystals are growing have shown that it 
is easy to determine the changing concentration of a cool- 
ing solution by an optical method, to show that it passes 
into the labile and to ascertain the temperature at 
which the transition occurs. We have found, for example, 
that a solution containing 48 per cent. of NaNO, is saturated 
at 26° metastable between 26° and 16°, and crystallises 
spontaneously below that temperature; one containing 52 
per cent. of NaNO, is saturated at 44°, and becomes labile 
at 35 .- 
In the metastable state inoculation by a solid germ of the 
dissolved substance, of one isomorphous with it, 
necessary in order to cause the liquid to crystallise; in the 
labile condition solid germs may be spontaneously generated 
from the liquid. Take, for example, a test tube filled with 
a solution of sodium-nitrate containing 48 parts of the salt 
in 100 parts of solution, which is metastable at ordinary 
temperatures; if crystals make their appearance in_ this 
solution it will only be because the dust of the room contains 
minute particles of sodium-nitrate which fall into the tube, 
or because crystals are deposited where drops have 
evaporated near the surface, and accordingly the first 
crystals appear at the surface of the liquid, and grow there 
until they are large enough to fall to the bottom. I find 
that such a solution, if enclosed in a sealed tube so as to 
prevent access of germs and evaporation, cannot be made 
to crystallise above the temperature of 16°, although it is 
supersaturated at all temperatures below 26°. 

Again, let a hot solution of the same strength containing 
48 per cent. of the salt be allowed to cool down while being 
stirred. If dust containing NaNO, can be excluded, the 
liquic will not crystallise until the temperature falls to 16°, 
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when the solution passes from the metastable to the labil 
condition. <A cloud of nuclei will then form throughout tl 
liquid, and each will proceed to grow as a separate crystal 
the immediate effect is to reduce the liquid to the met: 
stable state so that no more crystals are produced, but ea 
of these continues to grow from the liquid with which 
is in contact. 

If dust be not excluded, crystals may their 
pearance upon the surface of the liquid and will soon sinl 
but even though they be stirred about actively in the sol 
tion the liquid as a whole remains in the metastable sta 
until a temperature somewhat below 16° is reached, why 
the labile region is entered and a cloud of new cryst: 


make a 


makes its appearance. 

It follows, therefore, that in a cooling supersaturat: 
solution, from which germs have not been excluded, the 
are normally two periods of growth: one in which a co 
paratively small number of isolated crystals are grow 
regularly, and a subsequent period in which a shower 
small crystals is produced. Only if the rate of cooling 
sufficiently slow, or the stirring be sufficiently violent, 
keep the liquid in the metastable condition will there 
no second period, no sudden precipitation of nuclei. 

These events take place in all the aqueous solutions 
which I have cxamined, and I am surprised that tl 
have not been discovered before. They afford a possibl 
explanation of two commen features of igneous rocks, 
of slags—namely, the growth of comparatively large 
isolated porphyritie crystals, or phenocrysts, and the ap- 
pearance of the same mineral at two or more different 
periods. ‘The origin and the arrested growth of phenocrysts 
have generally been attributed to sudden change of tem- 
perature, of pressure, or of hydration, and no other plausible 
explanation has been given, although, as has been some- 
times pointed out, they may occur in batholites where ther 
is no independent evidence of such changes. Pirsson has 
reccgnised the utter impossibility of the ordinary theory and 
has recently suggested that each mineral has its crystallisa 
tion interval during which it continues to grow, and that 
this is terminated by the increasing viscosity of the mag 
which checks the supply of further material to the grow 
ing phenocrysts and establishes new centres of crystallisa- 
tion. A similar explanation was adopted by Crosby for 
the quartz-porphyry of the Blue Hills. He expresses it | 
saying that owing to the increased viscosity the rate « 
cooling overtaxes the molecular flow, which cannot kee; 
pace with the crystallisation. It is so difficult to find an 
satisfactory theory for the growth of phenocrysts that 
have even been attributed to the effect of earthg 
shocks. 

Now in a silicate magma, in all probability, the 
perature is sufficiently high to be that of the metast 
condition, the rate of cooling sufficiently slow to kee} 
liquid in that condition for a considerable time, an 
viscosity sufficiently great to prevent the growing crys 
from sinking at once; we have, therefore, all the 
ditions favourable for the growth of porphyritic cryst 
these must have generally originated throughout the | 
spontaneous nuclei if the magma entered the | 
state, or may have been started by inoculation or ¢ 
at the margin if the magma as a whole remained 
metastable state. In the latter suppose that fu 
somewhat sudden cooling brings the magma to the | 
condition, then there will be sudden and sponta 
‘second growth ef nuclei which will not be able to ; 
the dimensions of the porphyritic crystals; we have 
all the conditions necessary for a second generation « 
of the constituents of the rock. 

It is not necessary, therefore, to suppose that chang 
pressure played any very great part in these matter 
believe it will be found that considerations of temper 
are far more important. Similarly 
case of the salt deposits van ‘t Hoff came to the 
clusion that practically the only effect of chang 
pressure is to displace the temperature of formation « 
various compounds and not to alter their order or 
nature; he estimates that this displacement is comp 
with that of the melting points under the same agenc! 
and in the case of the calcium-magnesium chlorides only 
amounts to a few thousandths of a degree for one aimo- 
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Perhaps when we can ascertain the temperature at which 
ate magmas pass from the metastable to the labile con- 
ym we may use this knowledge to determine the exact 
perature at which certain of their minerals crystallised. 

Ordinary petrographical descriptions supply numerous ex- 

the difference between the metastable and labile 

litions to anyone who will read them in the light of 

suggestion which I have made; others are to be found 

such experiments as those of Vogt or Doelter. 

[y own hope is that when more experiments have been 

e upon mixed supersaturated sclutions it will be found 
hat most, if not all, of the features of rock development 
are paralleled by the ordinary processes of crystallisation, 
that motion, supersaturation, and supercooling are most 
rtant tactors. 

he very similarity between the differentiation of the 
o-alkaline and ferro-magnesian minerals on a small 
in the rock, and that of the alumo-alkaline (or salic) 
ferro-magnesian (or femic) rocks themselves on a large 

points to some similarity of origin. 


ples of 


order to avoid burdening this Address with detail | 

merely the researches of van ‘t Hoff, Vogt, 
ter, and Heycock and Neville as illustrations of ex- 
ental work conducted on the lines of modern physical 
istry, and have omitted much that might have been 
itioned; the valuable researches of Pelouze, Lagorio, 
zewicz, and Loevinson-Lessing, and the melting-point 
rminations of Joly I have not quoted, because they 
ig for the most part to an earlier period than that 
h I am considering, and have been discussed by Teall 

other writers. ; 

Many very interesting speculations I have passed over 
ntirely, because my object has been to focus attention upon 
experimental evidence. I cannot help thinking that these 
ulations are often based upon chemical actions and 
equilibria that may be impossible; but we cannot criticise 
them for lack of evidence, and [ return to my original 
statement that geology is only beginning to enter the ex- 
perimental stage. 

An earnest beginning is, however, being made. The re- 

on mineral and rock synthesis which I have 
quoted are laying a solid foundation; and I see no 
why something of the sort which has been done 
by van *t Hoff and his collaborators for the aqueous de- 
posits of Stassfurt should not ultimately be worked out 
r an igneous complex, though it may involve tenfold the 
labour and tenfold the time. We have already to welcome 
he establishment by the United States Geological Survey 

laboratory for the express purpose of applying to 

rals and rocks the exact methods of modern physics 
ind physical chemistry. The very suggestive research of 
Day and Allen upon the thermal properties of the felspars 
s a promise of the sort of work that may be expected from 
such laboratories. 

[ fear it will be only too evident to those who have 
given me their patience during this Address that I ap- 
proach the problems considered in it from the point of 
view, not of the geologist the chemist, but of the 
rystallographer, to whom the birth and growth of crystals 
are a study in themselves. Whether we watch with the 

ope a tiny crystal growing from a drop of solution, 
template with the imagination the stages by which 
ery lavas of past geological periods sank to rest and 
lised, we view the same process; it is the trans- 
m of liquid into crystal. Not necessarily into a 
for recent research shows that there is no dividing 
ween liquid and solid; a plastic solid body may flow ; 
glass is only a supercooled liquid; witness, for 
the experiments of Adams on rocks, and of 
1 on supercooled liquids. The real primary dis- 
is between crystalline and non-crystalline material, 
re is even good reason to believe that some crystals 
id without ceasing to be crystals. 

roperties of most rocks, of metals, alloys, ice, and 
her substances are due to the fact that they consist 
ol Is, and the importance of the study of the latter 
S$ no 1 trust, being brought home alike to chemists, 
Physicists, geologists, and engineers in connection with 
Probl s relating to the strength, the movements, the 

origin and changes of what are usually called solids. 
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And so I close, as befits a student and teacher of crystal- 
lography, with the hope that renewed attention may be 
paid to this subject, and that it may attract the interest 
of many a keen intellect in South Africa. The higher 
scientific studies are now establishing themselves as an in- 
tegral part of the educational and intellectual life of the 
country: this is in no small measure due to the South 
African Association; and we may hope that the visit of 
the British Association will be of some help to her younger 
sister in the task of diffusing a taste and an interest for 
the pure truths of science and the studies that they both 
hold dear. 


SECTION D. 
ZOOLOGY. 

BouLENGER, F.R 

rik 


Appress By G. A. 
PRESIDENT OI 


OPENING 
SECTION. 


The lfrican Fresh-water Fishes. 


1 THINK I may ascribe the honour of having been chosen 
to preside over this Section to the fact that I have specially 
applied myself to the study of a large class of the animals 
of the part of the world in which we are for the first 
time assembled. The subject of the Address which it is 
the custom to deliver on such an was therefore 
not difficult to choose—a general survey of the African 
fresh-water fishes from the point of view of their distri- 
bution. 


Distribution of 


occasion 


It has repeatedly been pointed out that no division of 
the world can answer for all groups of animals, differences 
due to the period at which they appeared and to their 
ability or inability to spread over obstacles, whether of 
land or water, precluding any attempt to make their pre- 
sent distribution fit into the frames of the general zoo- 
The great divisions of the earth, as outlined 
by our eminent Vice-President, Dr. Sclater, nearly half a 
century ago, and based mainly on a study of passerine 
birds, have therefore varied considerably according to the 
standpoint of the many workers who have followed in his 
footsteps. Fresh-water bony fishes particularly lend them- 
selves to a uniform treatment, their principal groups 
having sprung up, so far as paleontological data teach 
us, about the same period in the history of the earth, and 
branched off in many directions within a _ geologically 
speaking brief lapse of time, most of them, besides, being 
regulated in their distribution by the water-systems. How 
greatly their distribution differs from that of terrestrial 
animals has long ago been emphasised. Thus, latitudinal 
range, so striking in many African reptiles, not exist 
in fishes: the key to their mode of dispersal is, with few 
exceptions, to be found in the hydrography of the con- 
tinent; and, as first shown by Dr. Sauvage, latitude and 
climate, excepting of course very great altitudes, are in- 
considerable factors, the fish-fauna of a country deriving 
its character from the head waters of the river-system 
which flows through it. In this way, for instance, the 
Lower Nile is inhabited by fishes bearing a re- 
semblance to, or even specifically identical with, those of 
fropical Africa, and strikingly contrasting in character 
with the land-fauna on its banks. Such being the case, it 
first as if the geographical divisions of the fish- 
fauna were a matter of extreme simplicity, and that a 
knowledge of the river-systems ought to suffice for tracing 
areas which shall express the state of things. But we 
must bear in mind the movements which have taken place 
on the surface of the earth, and owing to which the con- 
ditions we find at present may not have existed within 
comparatively recent times; and this is where the 
systematic study of the aquatic animals affords scope for 
conclusions having a direct bearing on the physical geo- 
graphy of the near past. To mention two examples, the 
fishes of the Nile show so many specific types in common 
with those of the Senegal-Niger, now more or com- 
pletely separated by the Chad basin, that we felt justified 
in postulating a recent communication between these water- 
systems, which has been fully confirmed by the study of 
the Lake Chad fishes; whilst, on the other hand, the 
greater difference between the fishes of the Nile and those 
of the Congo basin, the waters of which interlock at pre- 
1 Slightly abridged. 
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sent in such a way that it is believed possible, at certain 
seasons, for a man in a boat to pass from the one into 
the other, points to the existence, until very recently, of a 
more effective separation. Such problems are of the 
greatest interest, and a more exact knowledge of the fishes 
will help towards their solution. 

There is another aspect of the question of geographical 
distribution which has assumed special importance of late, 
especially in the writings of Prof. Osborn, Mr. Lydekker, 
and Dr. Scharff, and of which Dr. A. E. Ortmann’s paper 

the distribution of Decapod Crustaceans, published 
three years ago, may be taken as an example. One of 
the conclusions formulated therein that ‘‘ any division 
of the earth’s surface into zoo-geographical regions which 
starts exclusively from the present distribution of animals 
without considering its origin must be unsatisfactory.” 
But in certain groups of animals, possibly in most, the 
question of their origin is not easily settled; in the case 
of the African fresh-water fishes, for instance, we sadly 
lack all direct paleontological data, such as have sprung 
up lately in marvellous profusion in the of the 
mammals, and notwithstanding the great progress in our 
knowledge of the changes that have taken place in the 
configuration of the world in Secondary and Tertiary 
times, which has been conveyed to a wide circle of readers 
chiefly through the luminous works of Neumayr, Suess, 
and de Lapparent, there is still much that is open to dis- 
cussion. It must be admitted—and it well to draw 
special attention to this point—that Dr. Ortmann’s maps 
of the land-areas in past periods, which render his sug- 
gestive paper so attractive, cannot be accepted as the ex- 
well-established geological facts, and are, in 
respects, gravely misleading. If I have attempted 
to deal with this subject on the lines laid down by Dr. 
Ortmann, whilst realising the want of many necessary 
data, palzontological and geological, on which to 
conclusions, it is with a due sense of humility, being fully 
aware that the suggestions now offered must be regarded 
as mere speculations. 

The time has come for a stock-taking of our immensely 
increased material, the previous accounts of the distribu- 
tion of African given by Dambeck in 1879, by 
Giinther and by Sauvage in 1880, and by Palacky in 1895, 
no longer answering, even approximately, to our present 
knowledge, as may be seen by comparing the lists given 
by these authars with the one I have quite recently pub- 
lished in the Annals and Magazine of Natural History 
as a basis for the sketch here attempted. 

How little we knew of the fresh-water fishes of Africa 
when the subject was dealt with by the above-named 
authors is exemplified by the enormous number of genera 
and species which have been discovered within the last 
few thanks chiefly to the enlightened activity of 
the Governments of Egypt and the Congo Free State, and 
to the initiative of Prof. Ray Lankester in organising 
explorations of the great lakes of Central Africa. The 
waters the French Congo and Cameroon, the Niger, 
Abyssinia, and the interior of East Africa, have 
yielded a large number of novelties; even the Nile, 
paratively well known, has’ been productive of 
many and remarkable additions to our knowledge. The 
importance of a better acquaintance with the fishes of the 
Lower Nile, a district believed to have been particularly 
weil explored, can be measured by comparing the present 
data with those to which Prof. Gregory, on the faith of 
Dr. Giinther’s list, appealed to justify his theory of a 
direct connection in the past of the Upper Nile with the 
Jordan through a river flowing along what is now the Red 
Sea. To this question we shall revert presently. 

Whilst the exploration of rivers and lakes has resulted 
in such a rich harvest, it remains a matter for serious 
regret that we should still be without any information 
as to the precursors of the African fishes. In spite of 
diligent search over a considerable portion of the great 
continent, no remains of any post-Triassic fishes have yet 
been in Tropical and South Africa, and our 
acquaintance with Tertiary Teleosts generally is still almost 
as scanty and fragmentary as it was twenty vears ago, 
although much has been done by Dr. Smith Woodward 
in elucidating the affinities of such remains as have been 
exhumed. In the circumstances we have to fall back on 
our imagination to explain the origin of the most important 
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groups characteristic of the present African fish-fauna, an 
much hazardous speculation has been indulged in. Thus 
without any sort of evidence, the Cichlid Perches of Afric: 
have been supposed to emanate from ancestors inhabiting; 
hypothetical Jurassic or Cretaceous seas extending ove 
Central Africa, whilst connecting land areas have bee: 
too freely postulated to account for the resemblance betwee 
the fishes of Africa and Tropical America, and antarct 
continents devised to explain the presence of Galaxias 
South Africa. To these suggestions I shall refer furth: 
on when dealing with the distribution of the families ¢ 
which they were intended to apply. Although it is high 
desirable that zoologists should base their theories of gev- 
graphical distribution upon geological data, I think 
must regret the growing tendency to appeal to forn 
extensions of land or without sufficient evidence, 
even contrary to evidence, in order to explain away t 
riddles that offer themselves. 

Twenty-five years ago a list of the African fresh-wat 
fishes would have included the names of about 350 spex 
(Giinther gave the number as 255 only), some fifty 
which have since lapsed into the synonymy, whilst at t 
present day we are acquainted with 976 species, referal 
to 185 genera and forty-three families. Of the latter 
were then unknown, or unknown to have representatives 
in this part of the world. The forty-three families 
here enumerated, with an indication of the number 
genera and species according to the most recent census : 


CHONDROPTERYGII. 


PLAGIOSTOMI. 


sea 


HapLoMt. 
Galaxiidz, 1, 2. 
Kneriidz, 1, 2. 


Cyprinodontida, 5, 


18. 
19. 


20. 


1. Carchariidz, 1, 1. 





2. Pristida, 1, 1. 3 
CATOSTEOMI. 
Gastrosteidz, i, 1. 
Syngnathide, 


CROSSOPTERYGII. 
2. 3- 
CLADISTIA. ’ 
: “A PERCESOCES. 
3- Polypteride, 2, 11. Scombresocidz 
Atherinidz, 2, 3. 
Mugilidz, 2, 
Polynemidz, 3, 3. 
Sphyrzenidz, 1, 1. 
Ophiocephalide, 1, 
Anabantide, 1, 14. 
ACANTHOPTERYGII. 
Centrarchide, 
Nandidz, 1, 
Serranida, 6, 8. 
Sciznidz, 1, 1. 
Pristipomatida, 


& I 
DIPNEUSTI. 


Lepidosirenidz, 1, 3. 


i. 


TELEOSTEI. 
MALACOPTERYGII. 
Elopidz, 2, 3. 
Mormyridz, 11, 
Notopterida, 2 
Osteoglossida, 1, 1. 
Pantodontidz, 1, 1. 
Phractolamidz, 1, 1. Sparidz, 1, 1. 
Clupeidze, 6, 7. . Scorpidide, 1, 
Salmonide, I, I. Osphromenide, 
Cromeriide, 1, 1. Cichlid 179 
#, 30, 179. 
Pleuronectidz, 2 
Gobiidz, 2, 31. 
Blenniidz, 3, 3. 


Re Be 


105. “a 


2 
I 


30 


OSTARIOPHYSI. 
» 93- 
202. 


157. 


Characinidz, I. 
Cyprinidz, 12, 


Siluridz, 37, 


20 4 

OPIsTHOMI. 
42. Mastacembelida, 1, 
APODES. PLECTOGNATHI. 
6. 43. Tetrodontidz, 1, 4. 


the distribution of the fresh-water 
to divide them into four principal 


Anguillide, 1, 

In discussing 
it necessary 

? gories :— 

(1) Those living part of the year in the sea. This 
gory is again subdivided into anadromous forms, bre: 
in fresh water (ex. some Clupea), and catadromous { 
breeding in salt water (ex. Anguilla). 

(2) Those living normally in the sea, but of which c 
colonies have become land-locked, or have separated 1 
from the marine stock still represented 
neighbouring coast (ex. some Gobiidz and Blenniidz) 
(3) Those which, although entirely confined to 
waters, have as nearest allies species living in the 
and which there is reason to regard as more or less re« 
derived from marine forms (ex. Galaxiidz, Tetrodonti 

(4) Those belonging to families entirely (ex. Mormy) 
Characinidz) or chiefly (ex. Silurida, Cyprinodor 

| restricted to fresh waters. 
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selves on 
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rhe forms of the first and second categories may be 
itirely neglected in dealing with the distribution of fresh- 
ter fishes. Their range is regulated by the sea, and 
y must be dealt with in conjunction with littoral forms. 
ighty-six species in the list of African fresh-water fishes 
ong to these categories. 

fhe third category is of secondary interest in the history 
the fresh-water fauna; but, as in the case of Galaxias, 
ns referred to it may give rise to discussion. 
with the members of the fourth category that we 
ill mainly deal in the portion of this Address which is 
ted to the origin and mode of dispersal of the African 


is 


HE POLYpTERIDA.—This is incontestably 
rkable family of African fishes. Entirely restricted to 
pical Africa and the Nile, without any known near 
s, living or extinct, its history is one of the greatest 
iles in ichthyology. From the evolutionary point of 
vy, no group is of greater interest, owing to its prob- 
relation to the Chondropterygians or Elasmobranchs, 
the Osteolepid Crossopterygians, out of which the Lung- 
s seem to have been evolved, and the 
adactyle vertebrates, the Stegocephalous Batrachians. 
iough generally brigaded by modern systematists with 
Osteolepida in the order Crossopterygii, it is still 
itful whether it should rank distinct order, 
listia of Cope, the characters which differentiate it 

these early Teleostomes being perhaps of greater 
tance than which separate these from the 
ieusti. Until we have some proof to the contrary, we 
justified in regarding the Polypterida as having arisen 
\frica from fresh-water ancestors, themselves derived 
early Mesozoic types which are entirely hypothetical. 


the most re- 


to earliest 


not as a 
of 
those 


HE LEPIDOSIRENID22.—Protopterus in Africa and Lepido- 
in South America are specialised modifications of the 
todontidz, still represented by one species in Australia, 
h have left remains in Triassic, Rhetic, Jurassic 
rocks of Europe, North America, 
and South Africa, India, and Australia. dis- 
of the Ceratodontidz therefore at 
flerent periods at least, a world-wide one, and we should 
justified in assuming the living representatives of the 
epidosirenidze to have been evolved out of this family 
ependently Africa and in South America. On the 
hand, in view of the old age of the group, there is 
reason why the Lepidosirenidz should not have passed 
of the present continents into the other when 
connected by land. As Protopterus is a 
lised type than Lepidosiren, the probabilities would 
be that the former originated in Africa. Mr. 
in his ‘* Geographical History of Mammals,”’ 
opinion that Lepidosiren reached its present 
way of Africa. The mode of life of these fishes 
them less dependent on hydrographical systems, 
1e distribution of the species, which cannot yet be 
in a satisfactory manner, is evidently very different 
that of other groups. 
Mormyrip#.—This extraordinary group, of which 
ny new and remarkable types have been discovered 
the last few years, especially in the Congo, is 
to the fresh waters of Tropical Africa and the 
Its morphology shows it to be highly specialised 
some very lowly ‘Teleostean ancestor. This I 
to be found in the Albulidz, a family already re- 
ed in Cretaceous and of which one species 
urs on the West of Africa. But Dr. Ride- 
who has recently much more careful study 
cranial characters of the two families, unable 
port the of a direct descent the 
e. It remains probable that the 
id derived from more closely allied 
cnown Albulidz than to any other family with which 
icquainted, and which no doubt lived in Cretaceous 
d we may therefore assume that the Mormyridz 
Africa, and evolved out of 


cestors. 
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NOTOPTERID®.—This is another eccentric family, 
iny points in common with the Mormyridz and 
North American Hyodontidz. It is represented 
species, three of which live in the Indo-Malay 
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region and two in Tropical Africa. Its derivation is still 
a mystery. The fact that its most specialised form 
(Xenomystus) is African, and that a species differing but 
little from the living Notopterus occurs in fresh-water 
deposits in Sumatra, which are regarded by some geologists 
of Middle Eocene although, further on 
a propos of the Cyprinidz, there is reason for regarding 
them as Miocene, or even later—justifies us in believing, 
until further palzontological evidence be available, that the 
African forms are immigrants from the East. 


Put An archaic type of Teleosteans, 
now represented by two genera in South America, by 
in Australia and the Malay Archipelago, 
in Tropical Africa and the Nile. 
from the Middle Eocene of 
glossus) are most nearly allied to, but 
than, the Australian-Malay genus; whilst 
factorily known British Lower Eocene 

to tl South American 
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one 
fourth 
preserved 
(Dapedo- 


generalised 


and by a 
Excellently 
fossils Wyoming 
more 
the 
Brychztus 
Che 
Phe 


now in 


satis- 
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Osteo- 


process 


less 
nearer the 
genus Heterotis is the most specialised form. 
evidently ancient group, 
which had a very wide 
the only known fossil representatives being 
\merica and Europe does not seem sufficient 
the northern origin of the family, 
Lvydekker. 
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of extinction, 
Che fact 
from North 
evidence of 
by Mr. 
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PANTODONTID2, 
monotypic 


PHRACTOL-EMID, CROMERIID. 
families peculiar to Africa. The first 
relationship to the Osteoglossida, and was probably 
derived them; but the two others, discovered within 
the last few y¢ are so aberrant and isolated among 
the Malacopterygians that we absolutely the 


Chree 
bears a 
near 
irom 
ars, 
dark 


are in 


as to their possible origin. 
re ¢ 
African 


genera, 


rhis is the 
with ninety-three species, referred to twenty 
from the Nile and Tropical Africa, as far 
lakes, but only very sparsely represented 
\frica. 
striking features of the South American 
h-fauna the extraordinary 
variety of forms of the Characinide, 


HARACINID-E. 


fishes 


one of larger groups of 
mostly 
east the 
in East and 

One of the 
fresh-water 


as great 
South 
most 
is number and 
unquestionably one of 
the most lowly and generalised groups of exclusively fresh- 
water There occur in that part of the 
species (about two-fifths of the 
fresh-water fish-fauna), divided among some sixty 
The forms predominate, but the 
or semi-herbivorous ar very numerous. 
would evidently compete with the Cyprinids, 
more specialised relatives, which 
North America; 
single Cyprinid 
Guatemala. 


leleosts. world 
whole 
genera. 
herbivorous 
The latter 
their near but 
numerously re- 
remarkable fact 
extend further 


as many as 500 
carnivorous 


also 


are 
and it 
known 


so 
presented in is a 
that 

south 


not a is to 
than 

Although palzontology has taught us nothing respecting 
the Characinids, we have to from the 
morphological point of view, that they were the precursors 
of the Cyprinids, which, we know, were already abundantly 
represented in North America and Europe in Lower 
Tertiary times, when the Isthmus of Panama was under 
the sea. When, in the Miocene, North and South America 
became re-united, the waters of the latter part of the world 
have fully stocked with Characinids 
as to prevent the southern spread of the Cyprinids. This 
the only explanation that can be offered of the total 
absence of Cyprinids in South America, considerations of 
avail in view of their all 


reason assume, 


must been already so 


1s 
climate being of no 
Africa. 
South America the Miocene period, w 
justified in claiming for them a high antiquity, and 
putting it at the Upper Cretaceous we not 
back. 


distribution 
over 


If, therefore, the Characinids existed in pro- 


fusion in before 
are 


by 


going too tar 


need feat 


These fishes, mentioned 
to the preceding, 
former to be derived 


CyPRINID2. 
closely re every 
reason to bel latter. 
Their least specialised genera (Catostominz) are now 
found in North and Central America (about sixty species), 
whilst three species, referable to the inhabit 
Eastern Siberia and China. Thess are known 
to have had representatives in Eocene of North 
America, whilst the more Cyprininz, which 


lH 
very 


above, 


there is 


as are 
lated and 


ieve the from the 


same genera, 
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constitute the great bulk of the family both in the new | period of existence of one species of fish, viz. Galaxi 
world and in the old, have left remains in the Oligocene | attenuatus, known from Chili, Patagonia, Tierra d 
and later beds in North America and Europe. It is, there- | Fuego, the Falkland Islands, New Zealand, and Souther 
fore, highly probable that the Cyprinids originated as a Australia, would have led to much more numerous ai 
northern offshoot of the South and Central American | important cases of similarity of natural productions thi 
Characinids, and thence spread to Eastern Asia, at least | we actually find, and that we must rather look to tl 
as early as the Upper Eocene. By the time (Miocene) | transport of the ova across the southern sea to expla 
they had reached India, where they now form the great | this very remarkable distribution. A better acquaintanc 
majority of the fresh-water fishes, Africa had been con- | with the Galaxias has confirmed Dr. Walla e’s suppositio 
nected with it by a wide belt of land, and no obstacie | as it is now an established fact that some species live 
prevented their western extension. This comparatively | the sea. 
recent migration accounts for the practical identity of the As the early Tertiary ‘‘ Antarctica,’’ as designed 
genera and the often very close affinity of the species of | Prof. H. F. Osborn, does not invoive South Africa, 1 
the Cyprinids of India and Africa. At the same period | presence of species of Galaxias at the Cape cannot, e\ 
the land-area connecting India and Africa with Madagascar | on that hypothesis of continental extension, be explaii 
had disappeared, and the Cyprinids never reached that | except on the assumption of their marine origin. 
great island, where no doubt they would have thriven, if THe KNERmIDz.—A monotypic family with two spe 
we judge by the results of the introduction by man of the | one from Angola, the other from East Africa. These lit 
gold fish, said to be in process of strongly reducing the | fishes are related to the Pikes, Esocidze; and there is 
numbers of the native Malagasy fresh-water fishes with | reason that I can see against their being possibly deri: 
which it is in a position to compete. Competition is | from them, in which case they would be of northern orig 
always an important factor in the distribution of a group | the Esocida, now confined to the northern hemisph 
of animals, and the confinement of the Characinids to the | being known from fiesh-water deposits in Europe as 
waters of the western and central parts of Africa at the | back as the Oligocene. 
time of the immigration of the Cyprinids from th ee ee ee ae el. te 
must be the explanation of the comparative abundance hnnhiliy aie anata Ceneiat aml Gath: Rinadiiaen oe 
of the latter and the scarcity of the former in those parts comparatively few in Africa, but have representatives 
oF the continent cast oF the Rift Valley which are not | every part, and also in Madagascar and the other isi: 
drained by rivers flowing from the central parts. rhe ok Gia Suiinn Cheman. Although principally restricte 
Cyprinids must have spread more rapidly than the fresh waters. not a few species are k 
( haracinids, and being also less partial to heat they have | jp ackich water, whilst examples are known of their oc 
thriven in the waters of Scuth Africa, where at present ine tor uk at enn ' 
only two species of Characinids—both carnivorous forms fo: cig ; 
are’ known to extend south cf the Zambesi system. Of rit OPHIOCEPHALIDA AND ANABANTIDA Unkr Nor 
the 202 species recorded from Africa thirteen are found fossil, and now restricted to Africa and om exp 
in North-West Africa, sixty-three in East Africa (exclusive | Asia, we have no means of telling in what part diff 
of the Zambesi), and twenty-one in South Africa. world these two closely allied families orig nated | teet 
\nabantidz are more numerous in species, amd tl 
of a more generalised type, in Africa than in Asia 





cnown t live 


as 


lik Siturtip#.—tThis large family is almost cosmo- 
politan in tropical and warm regions; and although the 


. ° . \ > rece is rer 7 olwe 
great bulk of the species are restricted to fresh waters, lie Nanpip&.—The recent discovery of Pols 


a certain number (chiefly of the sub-family Ariinze) occur | in the Lower Niger has added a genus to a smal 
these | Previously known to be represented by three ge 
South-Eastern Asia and by two in the nort 
South America. The latter are more nearly 
from a common ancestral stock, probably in Cretaceous | African genus than the former. Too littl 
times; but connecting forms such as we should expect the habits ot these fishes to dec ide whether th 
The | of a migration across the Atlantic, in the 
Silurids appear in the Lower Eocene estuarine beds of shallow area with a string of islands connect 
England and France, as forms closely related to the living vorld and the new, answers for their distribut 
Ariinwe and Bagrina, and further allied forms follow in the | Systematic position—specialised Perciformes—is 
Middle Eocene of various parts of Europe and North | @ssumption of their having existed in Cretaceou 
America. In the Upper Eocene of Lower Egypt estuarine -ocene times. No fossil forms are known. 
deposits contain well-preserved remains of forms which THe OSPHROMENID2.—The only Africar 
ippear to be only specifica arable from the Bagrus | the genus Micracanthus, with a si 


on the coasts and in the estuaries. Morphologically 
fishes are so’ closely allied- to the Characinide and 
Cyprinidz that we must assume them to have been evolved 


to find in deposits of that age are still unknown. 


rl 3 ! S z 
till living in the Nile. The general distribution of these | Ogowé, is hardly separable from the ge 
fishes was, therefore, in early Tertiary times very much | with six other genera, is characteristic o 
the same as it is at present, and paleontology offers us | region and China. Paleontology gives no infor 
no clue as to where they originsted. the earlier distribution of these highly specialis 

The exclusively fresh-water Silurids now found in Africa | That a type so well organised for adapting its¢ 
are all generically distinct from the South American forms, | sorts of waters, and so ready to acclimatise its 
whilst the West African species that enter the sea belong | part of the tropical or subtropical countries wh« 
to the same genus (Arius). The two exclusively fresh- | been transported by man, should have so restricted 
water Silurids found in Madagascar show closer affinity seems remarkable. Were it not for the exister 
with the African than with the Indian forms, and may African form, far away from the other member 
have immigrated from Africa in the early Tertiary times | family, one might have felt inclined to look 
through the bridge which then existed, unless they have Osphromenidx as a very recent group, which has 
been derived from marine types, which is quite possible. time to spread far from its original centre 

THe GaLaxip2®.—Two small fishes originally described Western Asia. 
by F. de Castelnau as Loaches, and now referred t Tue Cicutipz#.—As regards the number of spe 
Galaxias, occur on the flats near Cape Town and in the this family ranks next to the Cyprinida 202 
Lorenz River, some twelve miles from its mouth in False | Siluride (187) in the African fresh-water fish-t 
Bay. They are of special interest as belonging to a family | like these, it has representat'ves nearly aii over 
and genus long believed to be exclusively confined to fresh | continent. Although Cichlids may thrive in inlan¢ 
waters and characteristic of the extreme south of America, ; of considerable salinity, they are not known to hav 
New Zealand, and Southern Australia. After Dr. Stein- | been found in the sea, even near the mouths of 
dachner had first recognised the true affinities of the Cape | The facility with which they establish themsel 
species, Prof. Max Weber was inclined to regard this | isolated waters, often untenanted by other fishes, s 
interesting discovery as affording a new argument in| wells in the Sahara, salt-water pools in the inte: 
favour of the past antarctic continent on which so much | East Africa, &c., has long been known, but by what : 
has been written. But Dr. Wallace was nearer the truth | this has been effected remains unexplained. Quite ré 
when he suggested that a land connection within the | Dr. Lénnberg has reported on the exploration of a 
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lated lake of volcanic origin on the Cameroon moun- 

n, a lake 200 feet above sea-level, without any outlet, 
and situated about twelve miles from the nearest river 

i twice as far from the sea-shore. This lake was found 
have a fish-fauna consisting exclusively of Cichlids, 

longing to three genera and five species, two of which 

ve been described as new. 

Che great bulk of the family inhabits Africa, including 
\Miadagascar, and America, from Texas to Montevideo; the 

mber of generic types is greater, although the species 

only slightly in excess, in the former than in the latter 
rt of the world. Seven species inhabit Syria, three of 
se being also found in the Nile, and three are known 

n India and Ceylon. The American and Indian genera 

all distinct from the African. A great number of 
(fifty-five), all but one endemic, inhabit Lake 
langanyika, of which they form a little more than two- 
thirds of the fish-fauna; and many of these species belong 

distinct genera, showing specialisation to a remarkable 
degree. Out of thirty recognised genera of African 
Cichlids, as many as fifteen are believed to be peculiar to 
fanganyika. Lake Nyassa, with the Upper Shiré, 
possesses also some remarkable endemic genera; but they 
are only four in number, and the number of species re- 
corded up to the present does not exceed twenty-two. The 
rest of the species are mostly from West Africa and the 
Congo basin; but a few, referable to the two most widely 
spread genera, are found in East and South Africa. 
Madagascar has only four species, two belonging to an 
endemic genus, whilst each of the two others is referred 
to a widely distributed African and Syrian genus. 

No fossils are known that agree closely with any of the 
recent genera, but a type of Perciforms, described by Cope 
as Priscacara, from Middle Eocene fresh-water beds in 
North America, presents all the characters which we should 
expect to find in the direct ancestors of the modern Cichlids, 
differing from the living forms in the presence of vomerine 
teeth, a serrated prz-operculum, and apparently eight 
branchiostegal rays. It has twenty-four vertebra, a 
number lower than is found in most of the recent genera; 
and this indication is of importance for reasons that must 
be explained somewhat fully. 

lhe lower Teleosteans (Malacopterygii and Ostariophysi, 
often united under the term ‘‘ Physostomi ’’) mostly have 
a high number of vertebra; but when we pass on to the 
higher Acanthopterygii, we find very frequently, among 
most diverse families, the number reduced to twenty-four. 
this number should occur with such frequency has 
many ichthyologists since Dr. Giinther first directed 
attention to it, more than forty years ago, pointing out 
the same time that in the Labridze this number is 
almost constant in the tropical genera, whilst those genera 
h are chiefly confined to the seas of the 


s cles 


struck 


vhict 


temperate 


northern and southern hemispheres have an_ increased 
number. It has since been shown by Dr. Gill and by 
Prof. Jordan that this generalisation holds true of several 
other families of Acanthopterygians, and the latter 
wuthority, when discussing the subject at some length, 


ame to the 


plair 


opinion that the state of things could be ex- 
ed, from an evolutionary point of view, on the assump- 
tion that competition among various marine fishes being 
greater within the tropics has resulted in greater special- 
isation, by which the originally high number of vertebra 
has been reduced. It is difficult, however, on this assump- 
account for the fact that in so many cases the 
reduction should have resulted in the number twenty-four 

neither one more nor one less 
belonging to the 


tion to 


and this repeated in many 
families sub-order but 


same otherwise 


only remotely related to one another. Three years ago, 
when dealing with the affinities of the flat-fishes, Pleuro- 
nectide, I was struck by the discovery that, in the un- 
questionably least specialised genus, Psettodes, the vertebra 
are twenty-four in number, the other known genera having 
irom twenty-eight to sixty-five, and that the numbers in- 


creased along the most probable lines of evolution. A 
onsideration of other famidies, and of the fossil forms in 
the number of vertebrae has been ascertained, soon 
mvinced me that this rule also applies to them, and that 
the order of evolution had in every case to be reversed 
irom that assumed by Prof. Jordan, whose interpretation 
previously accepted as correct. As a result of my 
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investigation into this question I believe that the frequent 
occurrence of twenty-four vertebre is due to the original 
Acanthopterygians having presented this number, that it 
has been retained in the more generalised members of the 
families which have branched off from them, and increased 
or, more seldom, reduced in the course of evolution. 

rhe view which | entertained when first studying the 
Cichlids of Lake Tanganyika must be abandoned, and the 
direction of the supposed lines of evolution reversed, 
together with the signification given by me to the 
characters of increased number of dorsal and anal rays, or 
of multiple lateral lines which go more or less hand in 
hand with the increase in the vertebral segments. I must 
therefore repudiate the statement, first made by me in 
describing some of the new genera discovered by Mr. 
Moore in Lake Tanganyika, that they show features of 
generalisation, the contrary being the case. This has been 
shown by Dr. J. Pellegrin, who has recently published a 
monograph of the whole family Cichlidz, in which he has 
very ably dealt with the question of the interrelation of 
the various genera from the phylogenetic point of view. 

Two theories have lately been put forward as to the 
origin of the African Cichlids. 

According to Mr. Moore, to whom we owe the discovery 
of so many new forms in Lake Tanganyika, the Cichlids 
are of marine origin, and penetrated into a hypothetical 
Central African sea in pra-Tertiary times. But as no 
Perciform fish of any sort is known earlier than the Upper 
Cretaceous, and no Perch, in the widest sense, before the 
Lower Eocene (Prolates), the possible existence at that 
time of so specialised a type of Perches as _ the 
Cichlids is absolutely contrary to palzontological evidence. 
Further, such an explanation is unsupported by any geo- 
logical data, no trace of Jurassic or Cretaceous deposits 
having been found on the plateau of Central Africa, not- 
withstanding much search over a considerable portion of 
the Congo State. 
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It is impossible to imagine that such 
a sea could have existed without leaving any sedimentary 
deposits whilst its relics were being preserved in Lake 
Tanganyika. Besides, the distinguished Belgian geologist, 
Prof. J. Cornet, who has paid special attention to this 
question, and has himself surveyed a considerable part of 
the territory of the Congo State, regards the Tanganyika 
as by no means a very ancient lake, its formation not 
dating back beyond Miocene times. I may also here point 
out that Mr. Moore’s interpretation of the affinities of the 
so-called ‘‘ halolimnic ’’’ Mollusca has _ not 

































































received any 











support from those best able to judge of its merits. Mr. 
E. A. Smith, from the recent conchological, and Mr. 











Huddleston, from the palzwontological point of view, have 
recently discussed his conclusions, with which 
unable to I need hardly add that the 
since the publication of the ‘* Tanganyika 
the Medusa Limnocnida tanganicae in Lake 
dealt further blow to Mr. Moore’s theory. 

As regards the origin of this Medusa, recent palzonto- 
logical discoveries afford a much more rational explanation 
of the presence in Tanganyika of a Ccelenterate of un- 
questionably marine derivation. The highly important finds 
of fossils between the Niger and Lake Chad by the English 
and French officers of the Boundary Commission, which 
have been reported upon by Prof. de Lapparent, Mr. Bullen 
Newton, and Dr. Bather, have conclusively established 
the existence of Middle Eocene marine deposits over the 
Western Soudan, and the Egyptian and Indian character 
of these fossils, as well as of others previously obtained in 
Cameroon and Somaliland, justifies the belief in a Lutetian 
(Middle Eocene) sea extending across the Soudan to India. 
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In fact, as stated by Mr. Newton, the palxontological 
evidence seems to prove that the greater part of Africa 











above the equator was covered by sea during part of the 
Eocene period. On this sea retreating northwards, after 
the Lutetian period, Medusze became land-locked and 
gradually adapted themselves to fresh water: they had not 
far to travel to find themselves in what are now the Nile 
and later, through the changes which Mr. Moore 
himself has shown to have taken place in the drainage of 
Lake Kivu, they were easily carried into the 
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| —probably at no very remote time—and maintained them- 
| selves to the present day. I understand that the Medusa 
| reported from Bammaku, Upper Niger, in 1895, but still 
| 
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undescribed, has been re-discovered by Budgett, and is now 
being studied. Should it prove to be related to the Tan- 
ganyika species, it would also have to be regarded as a 
relic of the same Eocene and it would add further 
support to the very simple explanation which I have 
ventured to offer of a case which seemed so tremendously 
puzzling in our previous state of the 
logical conditions of Africa between the equator and the 
tropic of cancer. 

As explained by Prof. Cornet, Tanganyika has been 
until very recent times without an outlet. The Lukuga, 
which drains into the Congo, was only formed after Lake 
Kivu became, owing to volcanic eruption, a tributary of 
the Tanganyika through the Rusisi River. The greater 
or less salinity of the water of a lake without an outlet is 
a matter of course, and therefore Tanganyika was for a 
long time a salt lake. Its water is still, Mr. Moore says, 
somewhat salt. No wonder that the Cichlids, which 
where in Africa show no aversion to such conditions, and 
which somehow or other contrive to settle into isolated 
waters, should have been among the first inhabitants of 
the lake, where, without having to face competition with 
other types of fishes, they throve and became differentiated 
into a multitude of genera. When the hydrographical 
conditions changed and the water gradually lost its salinity, 
first on the surface and later at greater depths, an influx 
of other forms of fish-life (Polypterus, Characinids, 
Cyprinids, Silurids, &c.) penetrated into the lake, 
from the Nile system through the Rusisi, others from the 
Congo up the Lukuga. This explains well enough the 
character of the Tanganyika fish-fauna. The Cichlids, 
the oldest inhabitants of the lake, nearly all belong to 
endemic i many of which constitute genera repre- 
sented nowhere whilst the fishes of other families, 
later immigrants, all belong to widely distributed genera, 
and several of them even to species also found either in 
the Nile or in the Congo, or in both these river-systems. 

The other theory is that the Cichlids have originated 
as fresh-water fishes in Eocene times in America and have 
crossed the Atlantic by a bridge which then connected 
South America with Africa. This is the explanation given 
by Dr. Pellegrin. He admits that we have no indication 
of any near allies of these fishes before the Middle Eocene 
(Green-River beds of North America), and, basing his 
statement on the edition of Prof. de Lapparent's 
** Traité de Géologie *’ (1900), he says it seems to be beyond 
doubt that during the Lutetian period, which immediately 
that at which the earliest Cichlids were known 
to live in the fresh waters of America, a vast continent 
extended between South America and Africa. Should this 
have really been the case, the question of the distribution 
of the Cichlids could be regarded as settled. But I cannot 
satisfy myself that there is any evidence to 
support this view. 

rhis third hypethesis has this advantage over the two 
others, that it does not postulate any land-areas in late 
Eocene or Miocene times, for which there is at present no 
sufficient evidence, nor a pra-Tertiary and marine origin 
for the family Cichlidze, which is wholly improbable and 
receives no support from palawontology. 

On the other hand, it is undeniable that the 
of a South Atlantic land communication in the Eocene has 
much in its favour, and when this is really established 
all difficulty in explaining the distribution of the Cichlidz 
will have disappeared. In the meanwhile, to use an 
appropriate metaphor, we must not construct bridges with- 
out being sure of our points of attachment, otherwise they 
are liable to collapse as geological knowledge progresses. 
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rue MaAstTaACEMBELIDA.—At acquainted 
with thirty-eight species of Mastacembelus: fourteen from 
the Indo-Malay region, one from Syria and Mesopotamia, 
and twenty-three from Tropical Africa. The distribution 
of these fishes, the remains of which are still un- 
known, has probably once been a continuous one, climatic 
and hydrographic conditions possibly accounting for the 
present discontinuity. We have no data from which to 
decide whether the Mastacembelids first appeared in Asia 
or in Africa, or simultaneously in both parts of the world, 
as is quite possible on the assumption that the family 
originated in the Eocene sea extending from the Western 
Soudan to India. 


No. 1869, VoL. 72] 


present we are 


fossil 


NALIURE 





[AUGUST 24, 1905 


This concludes our review of the affinities and 
history of the principal fresh-water types which characteris: 
the present African fish-fauna. We have endeavoured t 
show that a Tertiary land connection between Africa an 
South America is not absolutely necessary to explain th 
many points of agreement between the fresh-water fishe 
of these two parts of the world, as has been postulated b 
many writers. Besides, there are still some who hold, a 
does Prof. G. Pfeffer—whose interesting essay on the zo 
geographical conditions of South America, from the poir 
of view of lower vertebrates, appeared after this Addres 
had been written—that a former subuniversality of distr 
bution will afford a solution to many of these problen 
without necessitating such a land-connection, as exemplifir 
by the past distribution of the Pleurodiran Chelonian 
In this review we have summarised many previous hyp 
theses and added a few, but in every with a feelir 
of dissatisfaction, fully realising, as we do, the futili 
of speculations in the present state of the two gre 
branches of knowledge, geology and palzeontology, on whi 
the solution of these questions must ultimately rest. 

We may now pass on to the realm of facts, and surv: 
in the briefest manner the waters of the contin 
as they appear after the many discoveries which have 
knowledge of the Afric: 


past 


case 


ore; 
great 


late so greatly increased our 
fishes. 

In the present state of our knowledge of the fresh-wat 
fishes Africa may be divided into five sub-regions, 1 
discussion of the further subdivision of which would exceed 
the limits of this Address : 

(1) The North-Western Sub-region, or Barbary, and thy 
Northern Sahara, properly forming part of the Palzarcti: 
region. 

(2) The Western-Central Sub-region, with all the gr 
rivers and lakes, extending to the Nile Delta and _ the 
mouth of the Zambesi, for which the term Megapotam 
Sub-region has been suggested to me by Dr. Sclater. 

(3) The Eastern Sub-region—-Abyssinia, with the up 
tributaries of the Blue Nile, and the countries east of 
Rift Valley and north of the Zambesi. 

(4) The Southern Sub-region—all the waters south 
Zambesi system. 

(5) Madagascar. 

The smaller islands of the Indian Ocean have a 
water fish-fauna so insignificant that they may be enti: 
neglected in a broad division of the African region. 

I. THE NORTH-WESTERN SUB-REGION. 

In its deficiency in rivers of 
has much in common with South 
parts of Africa in their fish-fauna present a 
analogous example to that on which the now 
theory of bipolarity was founded. Swelling to 
torrents in the rainy season or after a storm, 
series of pools connected by tiny streams at other ti 
the watercourses are evidently unsuited to fish-life ; 
it is not surprising that, apart from a certain numbs 
forms adapted to live in stagnant, often strongly salir 
waters, the fishes should be so few in kind. But 
make an interesting assemblage, in which it is easy 
discover forms unmistakably suggestive of the prae-Pli: 
times when the sea had not burst through the Straits 
Gibraltar, mixed with others of decidedly Africo-India 
Oriental affinities. ; 

The number of species from inland waters, whether 
or salt, hitherto recorded from this part of Africa, ame 
to thirty or thirty-one only. Of these thirteen 
Cyprinids, which may all be regarded as of norther 
eastern immigration. Four of the Barbels show Eur 
affinities, one of them being found also in Spain, w 
the seven others belong to a section of the genus lat 
represented in Southern Asia and Fast Africa, but 
known in West Africa from Cameroon. A_ speci: 
Varicorhinus, recently discovered in Morocco, has sin 
affinities, the genus being known from South-Western 
Abyssinia, and Lake Tanganyika. A small somewh 
aberrant species of the South-Western Asian 
Phoxinellus has been described from the Algerian Sa 
whilst an Alburnus from the Tell (originally placed i 
genus Leuciscus) is also the sole representative in 
of a genus inhabiting Europe north of the Pyrenee: 
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and South-Western Asia. With two exceptions, all 
Cyprinids are confined to the northern watershed of 
Atlas, in which varieties of our River Trout and our 
kleback also occur; but Barbus callensis and the 
sinellus occur also in the Algerian and Tunisian 
ara, showing that, as in other groups of animals, no 
p delimitation can be drawn between the Palaarcti 
Ethiopian regions of Barbary. 
f three Cyprinodonts one, from the high plateaux, 
bits also Spain; another, more generally distributed, 
nown from Sicily, Syria, and North-East Africa; whilst 
third, remarkable for the absence of ventral fins, 
otypic of a genus named Tellia—a misnomer, as it is 
found in the Tell, but on the high plateaux of Algeria, 
Ititudes of from 2000 to 3000 feet, not 8000, as stated 


is 


Danbeck. 
hree Cichlids 
a Tilapia, 


known from 
restricted to 


are the Northern Sahara, 
Eastern Algeria and 
whilst two others, a Hemichromis and a 
extend Lower E ypt, and are besides widely 
buted in Tropical Africa. The Cichlids, along with 
Cyprinodon, the Barbus, and the Phoxinellus mentioned 
ve, are often ejected by artesian wells, and the fact 
given rise to much discussion. The latest investigator 
is phenomenon, the distinguished engineer, M. George 
nd, confirms the opinion, expressed by the late Sir 
bert Playfair and M. Letourneux in 1871, that these 
s normally live and breed in the lakes and wells 
1 to air and light, and that their presence in the 
rground sheets of water with which the lakes com- 
icate is merely an episode, and as it were an incident 
the voyages which they undertake from one opening 
other. There is therefore no justification for the 
‘realm of the Trogloichthydz ’’ which has been pro- 
! by Dambeck for North-West Africa. 
other fishes which complete the list 
ne derivation, as the anadromous Shad and the cata- 
ious Eel and Grey Mullets, or such as have recently 
ted themselves to permanent existence in fresh water, 
the Syngnathus discovered by Sir L. Playfair, the 
which in various fresh-water or 
<ish lakes in Southern Europe and Egypt and in the 
Caspian Sea, two Gobies and a Blenny, the latter being 
iso known from fresh waters in the South of France and 
n Italy. The occurrence of an otherwise strictly marine 
es of Blenniids (Cristiceps argentatus) in the fountain 
\in Malakoff, in the high plateaux of Algeria, rests on 
the testimony of a naturalist of 
ition. 


being 
the 


to 


pla, 


eX- 


he 


are of direct 


rina, occurs also 


Algiers and needs con- 


II. 


Nile, fhe Niger, the Gambia and the Senegal, the 
mgo, and the Zambesi, with their numerous Mormyrids, 
Characinids, Silurids, and Cichlids, have much the 

eral character, which points to many of the generic 
types having radiated from a common centre of origin, no 
oubt in those great central lakes which are believed to 
existed in Middle Tertiary times. Lake Chad, the 
ec fauna of which was until quite recently unknown, 
presents the dwindling remains of a larger basin which 
inicated until comparatively recent times with both 
stern and western river-systems, thus accounting for 
eat resemblance between the fishes of the Nile and 
of the rivers of the Atlantic watershed north of the 
oons, 46 species out of to1 known from the Nile 
it the great lakes by which it is now fed) being also 

n the Niger, the Senegal, or the Gambia, or in all 

and most of these have been recently found in Lake 

nd the rivers emptying into it. The collection made 

ce Chad by Captain Gosling, and sent by him to 
tish Museum, contains representatives of twenty- 
all of which were previously known from 
1e Nile and the Niger, thus strikingly confirming 
lusions arrived at from a study of the fauna of those 
ver-systems. Collections sent to the Paris Museum 
Chevalier and Decorse Mission, and worked out by 
legrin, add twenty-five species to the above number, 
scribed as new, two Nilotic, eight West African, 
ngolese, the rest being common to the eastern and 
river-systems. The Congo differs more consider- 

nd must therefore have been separated from the 
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Nile-Chad-Niger for a longer period, only 
205 species (excluding the Tanganyika) occurring also in 
the Nile, and eleven in the Chad. When we reach the 
district of the sources of the Congo, the so-called Katanga 
district, we find a mixture of Congo and Zambesi forms, 
which points to a former reversal of the 
of the elevated dividing range. 
this district; although 


15 out of its 


drainage of parts 
Lake Mwero belongs to 
near to Lake Tanganyika, it 
has no fish in common with it except a few of very wide 
distribution. 


to 


so 


Lake Bangweolo, also in the same district, 
swarm with fishes, Silurids and Cichlids 
but they have never been collected. The 
Zambesi, so far as it has been explored at present, is the 
poorest in fishes of the great rivers, and it differs from the 
others in one important point—the of the Poly- 
pteride. The great lakes differ considerably in their fishes 
from the river-systems into which they drain. 
\s pointed out eleven years ago by Prof. 
system of the head waters of the Nile must have been very 
differently arranged in times geologically quite recent 
[his is proved by what we know of the great lakes north 
‘ Tanganyika. Thus, of the species known from 
Victoria, barely one-fourth occur also in the Nile, the 
being mostly endemic; whilst Lake Rudolf, which has now 
no communication with the Nile, four-fifths of its 
species in with that system. Lakes Albert and 
\lbert very insufficiently explored and hav 
only few one-half of which are Nilotic. 
Iwo fishes, Cyprinids, are all we know from Lake Baringo, 
one being a widely distributed Nile species, the other 
: African. We must conclude from these data that 

wake Victoria has long been isolated, whilst 


Lake Rudolf 
until very recently in with the 


is 


said 
especially, 


absen Se 


Gregory, the 


Lak« 


has 
‘ ommon 
Edward 
vielded a 


are 


spec ies, 


an 
East 
I 
has been communication 
Nile. 
Lak 


has re 


sana, which is now the 
ently yielded a large collection of 
variety of Cyprinids, either endemic or identical 
with species occurring in the eastern watershed, and closely 
allied to those of Palestine, but with special Nile 
affinities. The discovery of a Loach (Nemachilus), the first 
from Africa, points to an immigration from the 
Jordan, probably through the old Erythrean Valley. The 
only species which Lake Tsana has in common with the 
Nile (Tilapia nilotica) occurs also in the Hawash and in 
the Jordan. 

From the vastly 


the Blue 


fishes, 


source of 


Nile, 
show ing 


a great 


no 


known 


increased information we now 
of the fishes of the Nile-system, we are justified in believing 
in great changes in the hydrography of this part of Africa. 
rhe fishes of Lake Tsana would support Prof. Gregory's 
conclusion as to a communication with the Jordan through 
a river running along what is now the Red Sea, whiist 
those of the Lower Nile point to a direct communication 
between the latter and the Jordan, as advocated by Prof. 
Hull, migrations along two distinct channels having taken 
place at a time when the Mediterranean did not extend 
far to the east as it does at present, and the Indian 
Ocean had not penetrated into the Erythrean Valley. <A 
better knowledge of the fishes of Egypt has disposed of 
Prof. Gregory’s arguments against a former communication 
between the Lower Nile and the Jordan. 

The Nile in its widest sense, but without the great lakes, 
has 101 including those that enter the sea: 
twenty-seven do not extend north of Khartoum, whilst only 
six are restricted to the river below the First (¢ 
The most important additions made since Dr 
account them in ‘‘ Petherick’s Travels’”’ are 
Mormyrs, Barbus, and Synodontis, three Cichlids, a Xeno- 
mystus, a Nannzthiops, a Discognathus, a Barilius, a 
Chiloglanis, a Fundulus, an Eleotris, and the remarkable 
genera Physailia, Andersonia, and Cromeria, the latter the 
type of a new family. 

Thanks to the collections made by Sir Harry Johnston 
and Col. Delmé Radcliffe, with the help of Mr. Doggett, 
and by M. Alluaud, supplementing those of Dr. Fischer, 
we may now draw up a list of twenty-five species from 
Lake Victoria. The comparative scarcity of animal and 
vegetable life in this great lake perhaps precludes expect- 
ation of a great increase in the number of species in the 
course of further exploration. Most of the species are 
endemic, and among the most remarkable types may be 
mentioned a Discognathus, a Mastacembelus (probably the 


possess 


so 


species, not 


ataract. 
Giinther’s 


of several 
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Grant as a Stickleback), and a _ peculiar 


fish noticed by 
No Polypterus has 


genus of Cichlids, Astatoreochromis. 
yet been found. 

Lakes Albert and Albert Edward, recently visited by Mr. 
Moore, have furnished examples of nine species, mostly 
Nilotic in character, the most interesting being a Petro- 
chromis, on account of its close affinity to a Tanganyika 
species. 

Lake Rudolf, as stated above, differs hardly from the 
Upper Nile, only three of its sixteen species being indicative 
of immigration from the East. Not a single form 
endemic. 

The Senegal must have been very thoroughly explored 
by Dr. Steindachner thirty-five years ago, as a large collec- 
tion made a few years since by the late M. Delhez has not 
resulted in a single addition to the list of species. The 
Gambia, on the other hand, now much better known 
than it was, thanks to the two visits of the late Mr. 
Budgeit, to whom we owe the discovery of two species. 
But it is the Niger which, through the collections made by 
Dr. C. Christy, the late Captain G. F. Abadie, Mr. 
Budgett, and especially Dr. Ansorge, has been productive 
of the most important additions to our knowledge. The 
most striking discoveries are the type of a new family, 
Phractolemus, since re-discovered in the Ubanghi, and 
Polycentropsis, the first representative of the -Nandidz in 
Africa. Leaving aside species entering the sea, we now 
know fifty-four species from the Senegal, forty-one from the 
Gambia, and ninety-six from the Niger, the lower course 
of the latter being the most productive. A remarkable 
feature these rivers the comparative paucity of 
Cyprinids, and the total absence in the first two the 
genus Barbus, which also appears to be absent from the 
Chad 

Our knowledge cf ihe piscine inhabitants of the rivers 
flowing into the Atlantic between the mouths of the Gambia 
and of the Niger has also made considerable progress. The 
of Liberia, collected by Dr. Biittikofer, have been 
described by Dr. Steindachner, and those of the Gold 
Coast, collected by the late Mr. R. B. Walker, have been 
reported upon by Dr. Giinther. Sixty-seven species are on 
this district, twenty-four of them being 


is 


1s 


ol is 


of 


basin. 
fishes 


record from 
endemic. 

Further South, North Cameroon has _ yielded 
additions, for a knowledge of which we are indebted to Dr. 
Lénnberg, whilst South Cameroon, with the 
Gaboon district, has been diligently explored by Mr. G. L. 
Bates, with the result that a great number of new species 
have brought to light. This part of Africa 
specially interesting from the fact that its rivers interlock 
with the head waters of the Sanga, which belongs to the 
Congo basin, and, the fishes being mostly the in 
both watersheds, in that district, a sort of passage is 
established between the Gaboon and Congo faunas. Among 
the forms by Mr. Bates we 
may mention the genera Microsynodontis, Allabenchelys, 
and Procatopus. Since Dr. Sauvage reported, twenty-five 
years ago, on the fishes of the Ogowé, a small collection 
has made by the late Miss Kingsley, and described 
by Dr. Giinther, and a number of new species have been 
characterised by Dr. Pellegrin. The number of 
now known from this part of Africa amounts to eighty- 
seven for South Cameroon and the Gaboon, and fifty-four 
for the Ogowé. Very curiously, among them we miss 
Polypterus and Calamichthys, which occur in the Lower 
Niger and Old Calabar, and again in the Chiloango—a 
remarkable instance of discontinuous distribution, which 
cannot be accounted for by physical conditions, so far 
we are acquainted with them. 

The Congo system (exclusive of Lake Tanganyika), from 
which only about ninety species of fishes were known ten 
years ago, proves to be far richer than any other, for, 
incompletely explored as it still is, it has already furnished 
examples of 265 forty-five of which have been 
added since the publication of the work ‘‘ Les Poissons du 
Bassin du << In fact, every collection 
made even in its most accessible parts adds new species 
to the list, and many of its rivers have never yet been 
fished for scientific purposes. No doubt we do not know 
more than two-thirds of the fishes of the Congo. The 
riches in Mormyrids, Silurids, Cichlids, 
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Mastacembelids, is something surprising, not only in tl 
number of species, but also in their extraordinary variet 
of structure; and as many as seven species of Polypterid 
out of the eleven that are now known, occur in this rive 
system. With the exception the Cromeriidz ai 
Nandidz, all the families known from the sub-region ha 
representatives in the Congo. 

Lake Tanganyika, now forming part of the same hyd: 
graphic system, has a somewhat different fauna, consi 
ing mainly of Cichlids, to which we have specially allud 
in an earlier part of this Address. But there are, in ad 
tion, a number of Silurids and Cyprinids, a few Mast 
cembelids and Characinids, a Cyprinodont, and a Po 
pterus. The latter belongs to a species otherwise restrict 
to the Congo, and of the four Characinids two are Con 
and two are Nile forms. The total number of Tanganyik 
species of fishes amounts to eighty-five, but, no doubt, ma 
more await discovery. As | pointed out in reporting 
Mr. Moore’s second collection, I have reason to think tl 
we do not know more than half the species of fis! 
inhabiting this extraordinary lake. The collection wh 
has just been brought home by Mr. Cunnington will great 
add to our knowledge. I may here mention that Mor- 
myrids, which were believed to be absent from Tang 
yika, are therein represented by two species. 

Lake Rukwa has recently been explored by Dr. Fiille- 
born, but the fishes, which have been referred to eley 
species, belonging to widely distributed genera, have 
been studied with a sufficient comparison-material :  t! 
appear to be mostly endemic forms. 

Lake Mwero has representatives of fourteen 
five of which are endemic, the remainder being found also 
in the Congo or in the Zambesi, or in both. 

The Zambesi, so far as we know it—and its upper parts 
have scarcely been explored—appears rather poor in fishes, 
only forty-one having been recorded. All 
genera are also represented in the Congo and in the Nil 
Seven of the Zambesi species occur also in Lake Ny 
and the Upper Shiré, whilst in the present state of 
knowledge twenty-seven species, mostly Cichlids, may 
endemic to the lake and the Up, 

It is perfectly clear, however, that Lake Ny 

far less from the Zambesi than Tangany 
from the Nile or Congo; and, although 
Cichlids are likewise by remark 
genera, they cannot compare for variety with the, « 
great lake the fauna of which has been such a surpris 
Both the Zambesi and Lake Nyassa lack representat 
of the Polypteridz. 

About forty-five years ago a collection of fishes 
made in Lake Ngami, and twelve species were desci 
in a very unsatisfactory manner by the late Count 
de Castelnau ; unfortunately the types of these species 
lost, and it is difficult to form an idea of their affini 
We know, however, that the lake, which now rap 
drying up, was then inhabited by a Mormyr, a Cla 
a Characinid, and several Cichlids. 

The rivers of Angola have been but. imperfectly expl 
They have yielded a number of Cyprinids and Cicl 
a few Silurids, Mormyrids, and Cyprinodontids, and 
type of the remarkable genus Kneria, the second sp¢ 
inhabits East Africa. 


III. Tne Eastern SuB-REGION. 
\s mentioned in the beginning of this Ad 
latitude goes for little in the distribution of fish-life. 
proved by the very marked difference in 
character of the fish-faunas of Abyssinia and Africa 
of the great Rift Valley compared to the Nil 
Central and West Africa. No  Polypterids M 
cembelids, few Mormyrids, Characinids, and Cichlids, 
a great number of Cyprinids, mostly Barbus, chara 
this sub-region. Omitting catadromous forms, the 
of of one Lepidosirenid, six Mormy 
eight Characinids, seventy Cyprinids, twenty Silurids 
Kneriid, six Cyprinodontids, and seven Cichlids. 
Lake Tsana, with the upper affluents of the Blue 
differs very strikingly in its fishes from the Nile, 
which it has only two in common, a 5 
(Bagrus docmac), and a widely distributed Cichlid (7 
nilotica), which in the Hawash 
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estine. Nearly all the fishes are Cyprinids, mostly of 
genus Barbus, which bear close affinity to Syrian types, 
does also the recently discovered Loach (Nemachilus 
ssinicus), so far the only known African representative 
rhe single species of the 


suggestive South- 


hat Europzo-Asiatic group. 
yinid genus Varicorhinus is 
tern Asia, although a second African species inhabits 
Tanganyika, and a third has lately been discovered 
lorocco. Another Cyprinid genus, Discognathus, which 
idely distributed Southern Asia, from Syria 
to Burma, is represented by two species, whilst others 
from Abyssinia and East Africa (Gallaland, 
Kilimandjaro districts), and one «¢ f 
Victoria. A remarkable n 
sence, in Syria, of Labeo, 
idantly req nted the Nile, Senegal, Niger, 
Zambesi, and India, and more scantily i 
h Aft i tending 
somehow or sana has only 
y lately i with the 
\ Barbus 
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a Silurid genus otherwise known only from the Congo and 
Ogowé, deserves notice. 
Whether the subterranean 
are inhabited by fishes, 
Sahara unknown. 
Excepting such forms as are believed to 
directly derived marine types, there is every 
to regard the piscine inhabitants the fresh 
South Africa as comparatively recent immigrants 
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the birth-rate, which during the last few years has steadily 
been declining, and has now reached the lowest figure on 
London and 29-2 


There 
deaths 


record, viz. 27-0 per 1000 for per 1000 


time, 
the 


serious 


for seventy-five large towns. must come a 


if this decline continues, when the will exceed 


births, and our population will decrease—a 


Were it not for a diminishing 
this 


catastrophe for the nation. 


death-rate, particularly among infants, contingency 


It is especially among 
the birth-rate has de- 


would already have come to pass. 
the middle upper that 


owing to selfishness and 


and classes 
love of 


the 


clined, partly pleasure, 


but also partly due to the strenuousness of conditions 

life. 
CrICHTON-BROWNI 
the 


Association on August 17. 


of modern 


Sir J. 
address to 


delivered his presidential 
conference of the 


He dealt with the problem of 


Sanitary Inspectors’ 


the sanatorium treatment of consumption, and expressed 


the opinion that splendid results had been obtained by it, 
and that Dr. Maudsley at the British Medical Association 


meeting (see Nature, August 3, p. 331) had spoken too 


despondently about it, which was to be regretted, as it 


might tend to check a movement of great promise. He 


consider the question of physical deterior- 


dealt at 
problem, and pointed out the 


proceeded to 
with the housing 
health 


point of view of country life as compared with town life. 


ation, and then length 


advantages from a 
Chat the townsman was shorter lived than the countryman 
was, he said, incontrovertible. 

relief Nova Troms6é on 
10 with the members of the Ziegler North Polar 
Mr. A. Fiala, the leader of the 
expedition, landed at Hull on Tuesday on his the 
United Reuter’s 
Agency 
rhe 
board, left Vardo on July 1o, 
the vessel 


Tu ship Terra returned to 


August 
Expedition on board. 
way to 
States, and gave a_ representative of 
an account of the experiences of the expedition. 
with the- members of the expedition on 
At the end of August 


Prince 


Imerica, 
1903. 


reached Teplitz Bay, Crown Rudolf 


{sland, the most northerly harbour in Franz Josef Land, 


where magnetic and astronomical stations were erected. 


The ship was frozen in during October, and was wrecked 
by great ice pressure in the following month, so that the 
entire party had to be taken ashore on sledges. In 
January, 


Bay, with several miles of the glacier face, were broken 


1904, during a gale, all the old ice in Teplitz 


and carried away, and with the bay ice 
that the 
to reach the Pole by sledges, but the highest point attained 


disappeared all 
[ lmerica,. 


was left of Three attempts were made 


was 82° 13’ north latitude. Mr. Fiala states that although 
the North 


brought back 


the avowed purpose of the expedition—to reach 
Pole 


data 


was unsuccessful, the members hav 


which should prove of scientific value, and have 
explored and surveyed the archipelago from Crown Prince 
Rudolf Land to Cape Flora, discovering four new channels 
and three large islands. 

Tue fifteenth International Congress of Americanists will 
be held at Quebec The 


of the indigenous 


on September 10-15, 1906. work 


congress will be concerned with the 


races of America, their origin, geographical distribution, 


nn 
history, physical characters, languages, civilisation, myth- 
ology, religion, manners, and customs; indigenous monu- 
ments and archzxology of America; history of the discovery 
and European occupation of the New World. 
dent of the committee of organisation of the 
is Dr. Robert Bell, F.R.S., the 
Survey of Canada, and the general secretary is Dr. N. E. 
Dionne, Quebec, Canada. 


Che presi- 
congress 


director of Geological 


TRIALS of a system of signalling by bells under water, 
which has been developed by the Submarine Signalling 
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Company, of Boston, U.S.A., were made by the Trin 
This 


was described in Nature of April 20 (vol. Ixxi. p. 


House authorities on August 11. invention, wh 
595), 
been used experimentally by the United States Lightho 
Board at 


few 


stations during the | 
by the 
as an aid to navigation in the St. Lawrer 
the North 
bell, 


necessary 


several of their light 


years; it has also been adopted Canad 


Government 
Goodwin li 
the Tri 


sound-receiy 


For the purpose of these trials 


with a 


submarine and 
the 


of from 


ship was fitted 


steamship Irene with 


apparatus. At distances three to five miles 


signals given by the bell were distinctly heard, and 


direction whence they emanated could be readily noted. 


Ma. C. R. 


catalogue of 


Crosspy has favoured us with a 
North 


Erigonez, contributed by 


Philadelphia Academy. 


copy 


the American spiders of the gr 


him to the Proceedings of 


Tue fourth of Notes | 
the Leyden papers, 
concluding portion of the preliminary description, by 
c @.. ZL. 
Dr. 
on new 


of vol. 


contains, 


final 
Museum 


and part XXV. 


among other 
Popta, of new fishes collected in Borne« 
Nieuwenhuis, and likewise one by Dr. Lidth de J: 


Bornean lizards. 


WE have received the report of the Trivandrum Mus 
Public Gardens for 1903-4, 
new director, Major F. W. Dawson. 
the 
establishment, some interesting details are given witl 
the 


which is signed by 


In addition to st 


and 


ments in regard to condition and progress of 


gard to amount of food consumed by some of 
the gardens; and Mr. Lydekker’s paper, 
the Journal of the Bombay Natural History Society 
certain dolphins recently taken on the Travancore coa 


reptiles in 


reproduced in full. 


Tue report of the Field Columbian Museum, Chi 


for the period 1903-4 contains reproductions from pl 
graphs of some of the chief objects of interest added d 
the year. The wide scope of the exhibits, and the beaut 
and thoroughness of the installation, are very notewort! 
Among the exhibits special reference may be made to 

of a group of wild duck 

the 


composition of curry-powder. In the 


being stalked by a lynx, and 


a second illustrating ingredients entering int 
latter no less 


thirty-one trays of distinct specimens are shown. 


In the course of last week’s notes, reference was 
(p. 385) to the web-making ants of the genus CEcophyll 
In the latest issue (August 1) of Biologisches Centrall 
Dr. F. 
of @. widely distributed i 
Oriental region, accompanied by original sketches of 


Doflein gives a detailed description of the |! 
smaragdina, a species 


ants and their larva at work. When the edges of 
are to be joined, or when a rift appears in the 1 
small company of the workers place themselves in 
across the fissure, holding on to the one edge witl 
mandibles and to the other with their legs, whic 
stretched backwards to their furthest extent, an 
with a united pull drag the two edges into 


then 


conta 
and fits the 
until they meet exactly, while finally comes a third 


second party comes, and trims 


each member of which carries a larva in its jaws. 


larve, being put to work, immediately 


which the 
another 


spin a 
cross ve 
leaf 


issue 


web by means of two edges 


are firmly united.—In 


Mr. F. E. 


dentition of the 


paper in the 
Zierler, of Dorpat, discusses the 
connection wit! 
Apparently the author makes no refet 


fossil Suidz in 
phylogeny. 
the theory that the crown-structure of the suillin« 
is a degradation from the selenodont type. 
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\ interesting contribution to the history of the steam- | sewage effluents, with special reference to oysters and 


} 


conomy. 


ie is published in the Engineer of August 11 in the 
of particulars of some old prints unearthed at the 
Museum. One of the 
Nicholls 
in 


sh 
ived by Sutton 
lat 


one 


most interesting of these, 


and 


bearing the date 1725, 


illustrated the reduced 
of the The 


ived part measures 13} inches by 123 inches, and on 


accompanying figure, 


illustrations in our contemporary. 
r side in letterpress appears a detailed description. 
print is believed to be unique, and in point of dat 
cond only in importance to the Dudley Castle steam- 
© print of 1712, preserved in the Birmingham Free 

It resembles the drawings of the 


at Griff, 


Newcomen 


at the colliery in Warwickshire, erected 


>»? 


7 Several changes in the mechanical details from 
Dudley Castle engine may be 


The boiler is fed 
a portion of the hot water coming from the bottom 
1e cylinder, so that a date is fixed for this advances 


noted. 


There are also two gauge-cocks instead of 
so that both high and low water would be indicated. 
oductions are also given in the same article of copper 


of the Newcomen engine erected at Passy, near 


The EF NGINE 








A mospheric Steam Engine, 172; From the Engineer. 


in 1726, which that at Griff 
ry. The engine on the Continent 
however, that put down in 1722 at Cassel by Joseph 


1] Erlach, 


was copied from 


first Newcomen 


Fischer von who ordered at the 


n England a similar engine for draining a mine at 
sberg, in Hungary. 724 by 


1ac Potter from Durham, who was in consequence 


same 
This was completed in 1 


upon as the inventor. 


Journal of the Réntgen Society for July (ii 
is reports 


No. 5) 
of the 


notes, 


of meetings of the society and 


n Congress at Berlin, and various papers, 
s well as three plates of excellent radiograms and 


tit of the president, Mr. Wilson Noble. 


Journal of the Royal Sanitary Institute for August 
No. 7) contains a valuable discussion on sanatoria 
Isumptives, opened by Mr. Edwin T. 


Dr. Rideal 
NO. 1869, VOL. 72} 


Hall, and an 


ng paper by on the sterilisation of 


other shell-fish, and to watercress beds. 


Wt 


port 


Messrs. 


advancements 


received a ol 
1904 
chemistry and therapeutics during that year It 
be the 


every medical practitioner and pharmaceutical chemist who 


have Merck's 


pharmaceutical 


copy 


the 


annual re- 


lor on 


ol 
contains 


a wealth of information, and should in hands of 


wishes to keep abreast of modern work and progress. 


Tue Annual Report and Transactions of the Manchester 
The 


society is evidently in a flourishing condition, and several 


Microscopical Society for 1904 has just reached us. 
of the contributed papers are of interest, particularly those 
Prof. the 


associated with disease, and by Mr. Gillanders on arboreal 


by Hickson, president, on micro-organisms 


insects, 


with two illustrative plates 


Witt reference to a note on the Leishman-Donovan body 
parasite in these columns (June 
p. 157), Lieut. Christophers, I.M.S.., 
that his researches on the development of flagellated forms 
of Leishman, that Rogers, 
first the metamorphosis 


was noted 534)- 


or which appeared 15, 
writes pointing out 


antedated those but 
I.M.S., was 


The latter fact 


Capt 
discoverer of 


NATURI 


the 


in (vol. Ixx. p. 
F. RAMALEY contributes an account of the examin- 
cotyledons to the 
(vol. ii., iv.). The 
the cotyledons of several spec ies 


PROF. 
ation of certain 
of Colorado Studies 
structure of 


Was 


foliaceous University 


part anatomical 
of 


the 


tropical 


plants examined for comparison with structure 


of the ordinary leaves. 

A SIMPLI called a 
connecting both ends of a plant, cut as for a root-pressure 
experiment, devised and is by Dr. 
Go. ¥. the Botanical Gazette (May). The 
object of the pinometer, which is well adapted to ordinary 
to 


piece of apparatus, pinometer, for 


has been described 


Darbishire in 


class work, is to enable the experimentalist study at 


one time both the suction force of transpiration and root- 
pressure. For research purposes the author is elaborating 


a more complex and precise form of the instrument. 


British 
of the 


includes 


Sir Joseru Hooker continues his epitome of the 
Indian Impatiens in No. 2, 
Records of the Botanical Survey of India, 
a list of 


centre is Sikkim, and fifty species from Burma 


vol. iv., 


This 
Himalayan plants, of which the chief 


species of 


eastern 
of which 
three-quarters are endemic. In addition to the new species 
which, as Sir Joseph Hooker expects, still await discovery 
in Sikkim and Burma, there is great need for collecting 
better material, more especially of the 


good specimens 


flowers and of separate parts of the flowers. 
THI 
the 


Trinidad Bulletin for July contains an account of 
the first 
experiments with cacao plants on the Brasso Estate. 
E. H. 


notes 


results obtained manurial 
Mr. 


ee ologic al 


during year in 


Cunningham-Craig contributes some 


Trinidad to 
that 
to furnish a guide to cacao planters of the value and prob- 
able manurial of the Mr. 
C. W. Meaden has an article on parasites in cattle and 
poultry, detailed of 
with on the methods of 
treatment. A report on various rubber plantations in the 
island is presented by Mr. W. Leslie. 

Messrs. R. 
screen mounted in a convenient way for use in viewing the 
If the sky 
smoked or very dark glass will enable the progress of the 


on soils in serve as 


an explanation of 


the geological maps have been produced, and also 


various soils. 


requirements 


giving a account the parasite 


Strongylus micrurus, remarks 


AND J. Beck, Ltp., have sent us a dark 


eclipse of the sun on August 30. is clear, a 


partial eclipse to be followed in any part of our islands. 
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COLUMN. 

SATELLITE.—A 
alstelle 
Jupiter's 


TAL 
SEVENTH 

the Kiel 
has observed 
reflector. 

and on the 
to Jupiter was as 


ASTRONOMI( 
Jupiter's 
Pickering 
Albrecht 
Crossley 


OUR 
OBSERVATION 
telegri from 
announces — that 
ellite 


on 


Ol 
Prof. 

Prof 
with the 
\ugust 7, 2 


im to Centi 


seventh sat Observations 


made and 9, first named 


day the satellite’s 
follows 


were 
position in reference 

G.M.'1 Position a Dist 
1905 Aug. 7 96 239 '7 54'°6 


(Circular No. 78 Kiel Centralstelle). 


that 
and 


ORIGIN Phe 
magnetic 
passing through 
gravitating 
Prof. Schaeberle in 
Nachrichten One of the 
to be that 


ejections 


Cosmic Dust 


terrestrial 


SOLAR hypothesis 


ol 


certain phenomena, e.4 storms 
the earth 


finely divided 


denser 
matter 


aurora, aused by 
portions ol 
ejected by the sun is 
No. 4O4l ol the Istrone 
reatest objections to this hypothesis 
egularity of period has 
would fit in with the observed data ¢« 

Prof Schaeberle 
culat 


are ¢ 
streams ol 
discussed by 
ymisch 
appears 
f 


red for the 
f the 


no 1 been discove 
terrestrial 
that a 
idence in 


which 
phenomena. 
largely 
lavour ol 
Both theory and 

ejective 


shows, however, 


irre period affords fundamental ey 
the hypothesis. 
observation lead 
the sur 
that 


vary 


that 
this 
ial velocities of the 
table he 
ted wi 


the lusion 


very Vat 


to cone 


the iable, and 
would 
particles ejected 
has prepared th 
an initial velocity of 376-76 
reach the ¢ orbit, the 
An initial velocity of 381 7h miles per 
the particles to times the earth’s 
velocity arth’s orbit would be 22-4 
taken to reach arth 
be 20°7 davs we 
the carth’s the re 
with a velocity of 382 

the earth’s velocity 
27-4 days 


very 


1 are 
the 
con 
that 
miles per se 


iorces on 


certainly mean init 
would siderably. In 


particles ejec ith 
ond would just 
64-0 days. 
would « 


shows 


} 
author 


arth’s time taken being 
arry 
their 


miles 


second 
four distance 
the « 
the ti 
would 


on passing 


the ¢ on 


uld 


turn 


per second, whilst me 
the 


outward journey days; 
they 
Particles 


would 


1003 


before crossed orbit on 


journey. ejected miles 


per second orbit with a 


of 25-9 miles per 


CTOsSsS 
arried 
the 


we uld be « 
change in 


and 
small 


second in 
Thus a 
which the particles are ejected ¢: 
change in the time taken to reach the earth, 


infinite distance 
velocity at 


large 


to an 
initial 
aovery 


uses 





Prof. Schaeberk maintains that the 
phenomena is favour of 
Te 


considers 


therefore 
fularity of 


and 
irreg 
the 


cometary 


such evidence in 
some 


the 


such stre also discusses 


phenomena 


existence of 


‘ams. 


which, he furnish 


strong evidence in favour of the hypothes 


fost 


following 
Coronze Borealis 


long 


observations 


Coron BOREALIS Phe 
binary 
Mr. Doberck, of 


the available 


Pin 
elements 


Oreit OF ¥ 
the 
by 


have 
Obsery 
since 


system of y 
the 


lor 


been deduced Kong 


atory, from all recorded 


1s20: 


79°03 years 


80° 8’ P 
1839°60 


=0°3589 s 
0”"598 
table the 


omitting which 


Nachrichten, No. 


13 
54 


results 


Mr. 


obtained 


Doberck 
by each 
doubtful 


gives a containing 


are in 


gO41) 


observer, those 


any way (.lstronomische 


SOCIETIES AND CADEMIES. 


PARIS. "7 


Academy of Sciences, August 
Grye in the chair.—The study of 
the spots: Hl. Destandres. 
in detail the method by 
ol the spectra ol 
selected 

On the 
It has been 
tions of radium 
taining a very minute 
has examined 
and has found 
and gen is 
to be present in 
that by 


14.—M. 
the sO 
Phe 
him 

the 
and kK lines of 
by actiniun \. Debierne. 
and 'Sodds that solu- 
detonating gas 
helium. The author 
point ot view, 
hydrogen 
Helium was found 
to 
experi 


Bouquet de la 
leu atmosphere 
author explains 
for the study 

special — lines 
calcium. 


round 
adopt d 
the 
the K, 
produced 
by 


sun-spots 
being 
gases 
Ramsay 
off 
quantity of 
actinium salts from the 
that in this « 
continuously 
this gas, 
radium. By 


shown 


salts give con- 


same 


ase also a mixture of 


OXY evolved. 
quantity comparable 


control, the 


and in 


given way of 


NO, 1869, VOL. 72] 





ments with a solution of 
and the results of 
production of he 
mercurates: M.,. 

iodide 


radium bromide were 
and Soddy 


with 


repea 
confirmed.—On 
the alkaline = ix 
compounds of mere 
lithium, and ammoni 
the densities of 
asured, Whilst Thoul 
(solution = of iodomercurate) has 
3-196, the solution of the correspondit ng sod 
density of 3-46, of lithium 3-28, and 
The sodium and lithium are thy 
the original solution proposed by Thor 
without decomposition in alcohol, 
for the and determination of 
density of minerals. culture of green pl 
in a confined presence of 
stances: M. the experim 
the and utilisation 
glucose in sunlight by the plant, this absorption b 
increased when <¢ gine was also present in the solut 
The physiology of “the placenta: MM. Charrin 
Goupil.—On a product extracted from the ceré 
substance: A. Marie. The brain substance was bri 
into an emulsion with five times its weight of w 
centrifugalised, filtered, through paper and fi 
through a Berkefeld filter. The liquid thus obt: 
showed distinctly toxic properti the nervous sy 
being especially affected.—On_ infectious 
horse: H. Carré and H. Vatiée. Attention is dir 
to the state of latent infection exhibited by certain he 
apparently cured, and given of detecting such « 
Che the the 
of p instructions as to mode of dé 
with an outbreak.—On the pre cholera te 
MM. Brau and Denier. 


Ramsay 
AVY 
Duboin. 
potassium, 


liquids 
Phe 


with sodium, 


have pared, and 


pre} 
obtainable 


iodides been 


heaviest solutions 
liquid 
density of 
salt has a 
ammonium 2-98. 
superior 
are soluble 
suitable 


ie 
potassium 


salts 
fore 
| hey 


are 


to 


separation 
The pure 
atmosphere in 
Molliard. The results of 
possibility of the absorption 


organic 
show 
aspare aif 


tOX1¢ 


and first 


anemia in 


means 
summarised in 
the best 


paration of 


results of research are 


ractical 
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